The labile nature of the halogen atom in organic compounds by Traill, David




A Thesis Submitted for the Degree of PhD 
at the 





Full metadata for this item is available in                                      













This item is protected by original copyright 
 
 
THE LABILE NATURE OF THE HALOGEN ATOll IN 
ORGANIC COMPOUNDS.
I I I I
A THKSrS PRESENTED POR THE DEGREE
o f
DOCTOR OP PHILOSOPHY 
o f
THE UNIVERSITY OP ST ANDREWS
By
DAVID TRAia^, B .So.
ProQuest Number: 10166106
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely even t that the author did not send a com plete  manuscript 
and there are missing pages, th ese  will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest.
ProQuest 1 0 1 6 6 1 0 6
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.
ProQuest LLC 
789 East Eisenhower Parkway 
P.Q. Box 1346  
Ann Arbor, Ml 4 8 1 0 6 -1 3 4 6







^ :' T.: ■--■;"-!'l ., 1^
■ .*.- !• ' I 1 ri ■ ' » V
' 14.0 (2-V




r f  . '  ' _ - ' i f  - ■'
:y





, , - - i  K . V -  ■■
: ■If.'
C O R Î S H T S ,
D e o la ra tio a  1.
C e r t l f io a te  11.
Traüjslns and E xperlenoe m .
P A R T  I .
TSmOMSTICAL.
X ntrodtto tlon  ' 1.
o (H tro  P a t ty  A d d s  10 .
B a lo sen a tlo n  o f  Â ee ty laao o ln io  a s t e r  16.
%Honmmldes and A o a to a o e ta te s  27.
B a r t l tn r i a  Aolds 34.
A bsorption  S p e c tra  o f  Halogen Coapounds and
t h e i r  b e a rin g  on Q u estio n s  o f  C o n s t i tu t io n  39 .
P A R T  I I .
EiPBRrmprAL.
o^m&ttro F a t ty  A d d s  66.
H alogénation  o f  A ee ty lsu e o ln lo  E s te r  76*
%ü.onamlde@ and $oe to  a c e t i c  E s te rs  84#
& irb l tu r lo  A cids 93#

%11.
C E R T I F I C A T E .
I  c e r t i f y  t h a t  Mr. DaTld T r a i l l ,  B .S o ., h as  
spen t n in e  t e r n s  a t  R esearch ^ork under my d i r e c t io n ,  
t h a t  he h as f u l f i l l e d  th e  c o n d it io n s  o f  O rdinance 
No. 16 ( S t .  Andrews§, and t h a t  he I s  q u a l i f i e d  to  
subm it th e  fo llo w in g  T h e s is  In  a p p l ic a t io n  f o r  th e  
deg ree  o f  Ph.D.
S h p e rr ls o r  o f Research,
Durham,
O cto b er, 1925.
i l l .
TRAIHIHO aSV EXPIOTSHCS.
I  m a tr lo u la te d  a t  S t .  Andrevs O n l r e r s l ty  In  
O ctober» 1919» and fo llo w ed  a B .Sc. oouree in  Pure 
S c ien ce . I  s ra d n a te d  I n  Ju ly»  1919» w ith  P l r a t  
C la s s  Honours In  C hem istry , and s in c e  t h w  h a re  
been engaged i n  ^ s e a r c h  in  th e  Chemical L a b o ra to r ie s  
o f  th e  H a lte d  C o llid e»  S t .  Andrews» and l a t e r  I n  th e  
Chemical R esearch  L ab o ra to ry  o f  th e  Durham C o lle g e s .
In  s tu d y in g  th e  l a b i l e  n a tu re  o f  th e  halogen  
atom in  o rg a n ic  compounds th e  fo llo w in g  s e r i e s  have 
been exam5Lned:..
(A'Nltro f a t t y  ac id s»
A cety l s u c c in ic  e s te r s »  
ttalon  amides»
A c e to a c e tic  e s te r s »
& k rb l tu r lc  a d d s .
Papers deallnd with some of these series!^hare 
Wen published In  the Journal of the Chemlo^ Society 
and in  the Proceedings of the Royal I r is h  Academy.
i .
P A R T  I.
T H E O R E T I C A L .
P A R T  T.
T H E O R E T I C A L .
To t r a c e  th e  f a c to r s  in  a re a c t io n  in  O rganic
C hem istry  has been a  s u b je c t  which has a t t r a c t e d  much
a t te n t io n »  and work o f  t h i s  n a tu re  has been a tte n d e d
w ith  c o n s id e ra b le  i n t e r e s t .
In  th e  i n r e s t i g a t i o n  o f  s u b s t i tu t io n  problem s
in  th e  benzene d e r iv a tiv e s »  i t  h as  been shown th a t  th e
p o s i t io n  tak en  up by th e  s u b s t i tu e n ts  i s  dependant on
th e  atom s o r  g roups a lre a d y  p re se n t in  th e  m o lecu le ;
and i t  h as been p o in te d  out t h a t  th e  c o n s t i tu t io n  o f
th e  p roduc t i s  de term ined  by a c e r ta in  e f f e c t  on th e
a l t e r n a t e  atom s in  th e  carbon chain» ( P rins»  Chen.
Weekblad» 1918# ^ »  571; V o rlan d er, Ber.» 1919, 52»
{ B ), 263 ). Lap wort h» Rep. B r i t .  Assoc.»
Bournemouth Meeting» S e c t. B)» h as  a lso  app lbed  t h i s
p r in c ip l e  o f  a l t e r n a t e  p o l a r i t i e s  to  ex p la in »  and
f r e q u e n t ly  to  p r e d ic t ,  th e  d i r e c t io n  o f  chem ical
ch an g es. E lem ents o f  reco g n ised  p o la r i ty  ( e .g .  0 ,
“  +
B r, CH^, Na» e t c . ,  ) a re  used  a s  s t a r t i n g  p o in ts  in  th e
s .
m »
c o n s id e ra t io n  o f  p o l a r i t y  e f f e c t s ,  and th e  v a r io u s  
atoms in  a ch a in  a re  th e n  l a b e l le d  '*• and — to  deno te  
th e  induced  a l t e r n a t e  e f f e c t .
L ap eo rth  *s v iew s o r ig in a l ly  had an e l e c t r i c a l  
b a s is ,  and h i s  sym bols in d ic a te  a l l  th e  a n io n s  and 
c a t io n s  which th e  m olecu le  cou ld  co n ce iv ab ly  y ie ld .  
A ctual io n i s a t io n  i s  n e i th e r  assumed o r  ex c lu d ed . I f ,  
a s  a  r e s u l t  o f  t h i s  method o f  e x p re s s io n , an uns a tu ra te d  
c e n tre  b e a rs  th e  s ig n  i t  w i l l  a t t r a c t  th e  n e g a tiv e  
p o r t io n  o f th e  m o lecu le  added, and v ic e  v e r s a .  A lso, 
i f  a + atom a c q u ir e s  a d d i t io n a l  + c h a r a c te r  i t  becomes 
more r e a c t iv e ,  and s im i la r ly  n e g a tiv e  atom s e n te r  in to  
r e a c t io n s  more r e a d i ly  i f  t h e i r  — c h a r a c te r  i s  enhanced 
a s  a r e s u l t  o f  th e  p o la r  atom from which th e  l a b e l l i n g  
commences.
Robinson h as  a ls o  a p p lie d  b i s  th e o ry  o f  th e  
c o n ju g a tio n  o f  p a r t i a l  v a le n c ie s  to  a wide ragge o f  
problem s ( T . ,  1917, m ,  964; 1918, 113, 640:
Mem. M anchester P h i l .  S o c ., 1930, 64, N o.4 ) , mad in  
th e s e  c a se s  th e  a l t e r n a t e  e f f e c t  i s  f u r th e r  deve loped , 
and th e  system  o f  ^  -  m arking i s  ad o p ted .
Ifecbeth and H enderson, ( T . ,  1932, 121, 892 )
3.
hare  a p p lie d  t h i s  th e o ry  to  e x p la in  th e  reduo tdon  o f  
n i t r e - p a r a f f i n s ,  and t h e i r  h a lo g en a ted  d e r i r a t i r e s #  
N itrom ethane, and such sim ple  compounds, a re  reduced  
by t i t a n o u s  c h lo r id e ,  th e  r e a c t io n  r e q u ir in g  a 
q u a n t i ty  o f  th e  re a g e n t e q u i r a le n t  to  s ix  atom s o f  
hydrogen f o r  each  n i t r o  g roup . The in t r o d u c t io n  o f  
halogen  atom s does no t i n t e r f e r e  w ith  th e  norm al co u rse  
o f th e  re d u c t io n . Bfonobromo— and dibrom om ethane 
each  re q u ire  an amount e q u iv a le n t  to  s ix  atoms o f 
hydrogen, and d ib rom od in itrom ethane  r e q u i r e s  tw ice  
t h i s  q u a n t i ty .  In  c o n t r a s t  to  th e  lo w er n i t r a t e d  
su b s ta n c e s , when re d u c tio n  o f  th e  n i t r o  group o n ly  
i s  o b se rv ed , abnorm al e f f e c t s  were observ ed  in  th e  
p o ly n i tro  com'^ounds. T e tra n itro m e th a n e , f o r  exam ple, 
o n ly  re q u ire d  an amount o f  t i t a n o u s  c h lo r id e  
e q u iv a le n t  to  e ig h te e n  atom s o f hydrogen , in sb ead  
o f  th e  tw e n ty - fo u r  atoms n e c e ssa ry  to  reduce i t s  
fo u r  n i t r o  g roupé  to  amino g ro u p s.
The f i r s t  r e s u l t  o f  re d u c tio n  in  t h i s  case 
i s  e v id e n tly  th e  removal o f  a l a b i l e  n i t r o  g roup ; 
t h e r e a f t e r  th e  re d u c tio n  p ro ceed s , g u an id in e  being  
u l t im a te ly  p roduced . The fo llo w in g  e q u a tio n  shows
4.
t h a t  e ig h te e n  e q u iv a le n t  a o f  hydrogen a re  n e c e s s a ry  
f o r  th e  r e a c t io n  •—
C(NOg)^ + 9 ^ (NH^)^C;NH + HNO  ^ + 6 H^O
C hloro t r i n i t  rone th a n e  and b ro ia o tr in i t  rom ethane 
a r e  a lso  found to  re q u ir e  an amount e q u iv a le n t  to  
e ig h te e n  atom s o f  hydrogen p e r  gram m o lecu la r q u a n t i ty ,  
th e  r e a c t io n  in  th e se  o ase s  be ing  p a r a l l e l  to  t h a t  
d e s c r ib e d , and th e  r e a c t io n  may be ex p re ssed  by th e  
g e n e ra l  e q u a t io n ; -
R*C(N0^?3 +• 9 ^ {NH^)^C;NH + HR 4- 6 H^O
mm" <ai»
where R r e p re s e n ts  C l, Br, o r  NO^*
The p r in c ip a l  re d u c in g  a g e n ts  w ith  which 
s u b s t i tu te d  n i tre fo rm  and th e  halogen  d e r iv a t iv e s  
o f  n itro m eth an e  have been t r e a t e d  a r e  po tassium  f e r r o -  
cyan ide h y d ra z in e , a lk a l in e  s o lu t io n s  o f p o tass iu m  
s u lp h i te ,  a r s e n io u s  a c id , and a c id  s o lu t io n s  o f  
t i t a n o u s  c h lo r id e .  With th e  l a t t e r  a lo n e  i s  the 
n i t r o  group a t ta c k e d .  A ll th e s e  re d u c t io n s  remove one 
o f  th e  n i t r o  g ro u p s  from t e t r a n i t  rom ethane, w ith  th e  
fo rm atio n  o f n itro fo rra  and n i t r o u s  ac id  o r  i t s  s a l t s ,  
bu t th e  n i t r o  g ro u p s  o f  n i tro fo rm  a re  f u r t h e r
reduced  by t i t a n o u s  c h lo r id e  s o lu t io n s .
Chattaw ay and H arriso n  ( T . # 1916, 109, 171 ) 
p o in te d  ou t t h a t  t e t r a n i t r o n e th a n e  and b ro a o n i t ro f o m  
were reduced  by aqueous s o lu t io n s  o f  p o ta ss iu m
fe r ro c y a n id e  ac co rd in g  to  th e  e q u a tio n :—
—
R.C(NO^)^ 2 K^Fe{CN)j^ _»C(NO^):NO:OR KR +• 2 K)Fe(CN^
MW> m rn r ' mm»
Ih  seek in g  to  e x p la in  th e s e  r e s u l t s  th e  a u th o rs  
based t h e i r  su g g e s tio n s  on th e  r e l a t i v e  d im ensions 
o f  th e  sp aces  o ccu p ied  by th e  methane carb o n  atoms 
and th e  a t ta c h e d  g ro u p s. In  th e  o? @e o f  t e t r a n i t r o — 
methane and b ro m o trin itro m e th an e  i t  i s  supposed th a t  
th e s e  sp aces  a r e  such a s  to  adm it o f  o n ly  th r e e  
n i t r o  g roups ap p ro ach in g  s u f f i c i e n t l y  n e a r  to th e  
c e n tr e  o f  a t t r a c t i o n  o f  th e  carbon atom f o r  thm 
maximum fo rc e  o f  a t t r a c t i o n  to  be e x e r te d  which k eep s 
them f irm ly  a tta c h e d *  A fo u r th  group o r  atom a tta c h e d  
to  th e  ca rb o n , i f  occupying s u f f i c i e n t  space and o f  
s u i ta b le  c o n f ig u r a t io n ,  would a l t e r  somewhat th e  
r e l a t i v e  p o s i t io n s  o f  th e  g roups around th e  c e n t r a l  
carbon  atom , and fo rc e  them to  a  g r e a te r  d is ta n c e  from
th e  c e n tr e  o f  a t t r a c t i o n ,  where th e y  would be l e s s  
f i rm ly  h e ld .  As a consequence one m i^ht be more o r  
l e s s  e a s i l y  d e tach ed  by a m iita b le  r e a g e n t . Such 
rea^ÿenta would, however, n o t be a b le  to  b r in g  about 
i n t e r a c t i o n  i f  th e  space occup ied  by th e  a t ta c h e d  
g roups o r  atom s were s m a lle r  suid th e s e  were co n se q u en tly  
n e a r e r  th e  c e n tr e  o f  a t t r a c t i o n  and more f i rm ly  h e ld , 
Chattaw ay and H a rriso n  su g g est t h a t  th e  l a t t e r  c o n d itio n  
i s  a p p a re n tly  p re se n t  in ^ c h lo ro p io r in  and b ro m o p ic rin , 
and th e s e  a re  co n se q u en tly  u n ac ted  upon by p o tassiu m  
fe r ro c y a n id e . T h is  view  does n o t in d ic a te  why th e  
brom ine atom shou ld  be removed in  p re fe re n c e  to  a 
n itro g ro u p  in  th e  re d u c tio n  o f  b rom onitrom ethane.
Applying th e  view s f i r s t  c i t e d ,  i t  i s  seen t h a t  
th e  t o t a l  e f f e c t  c a r r i e d  to  th e  brom ine atom , th ro u g h  
a l t e r n a te  atom s i n  th e  ch a in  g iv e s  i t  an overwhelm ing 
p o s i t iv e  ch a rg e , and such an induced  " e le c t r o - p o s i t iv e "  
n a tu re  i s  c h a ra c te r is e d  by read y  re d u c t io n .
: :
O^ M 0„»
-  +  '  *  + % +
0,N-C-Br * -----► 0,H -C -£ + TOrO
%  m n u . 'f"jtr
-  4"
-  + — •¥  I
OjN Kj OH 0 ^
4-  -
I t  i s  seen in  th e  above fo rm u la  f o r  th e  po tassium  
s a l t  o f n i t ro fo rm , th ^ t  owing to  th e  in f lu e n c e  o f  
th e  a l t e r n a t e  e f f e c t ,  th e r e  i s  a s tro n g  p o s i t iv e  
p o l a r i t y  on th e  p o tassiu m  atom . T h is  a c cu m u la tio a  
i s  p ro b ab ly  th e  fo rc e  which makes th e  c o n s t i tu t io n  
3 0  u n s ta b le  t h a t  th e  po tassium  s a l t  alw ays e x i s t s  in  
th e  ac i« -fo ra , i n  which th e  p o s i t iv e  p o l a r i t y  o f  th e  
p o tass ium  i s  ta k e n  up by th e  n e g a tiv e  oxygen atom s.
The induced  p o s i t iv e n e s s  o f  th e  h a l o g ^  a lso  
e x p la in s  i t s  re ad y  removal by o th e r  re d u c in g  g g e n ts , 
such a s  a l k a l i  and po tassium  fe r ro c y a n id e .
S im ila r  re a so n in g  may be a p p lie d  to  account f o r  
th e  analogous re  a i l t s  o b ta in e d  w ith  t  e t  ra n itro m e t b an e 
and c h lo ro  n i t r o  fo rm . In  th e s e  c a se s  th e  re d u c in g  ag en t 
does n o t a t ta c k  th e  n i t r o  g ro u p s , bu t w ith t i t a n o u s  
c h lo r id e  th e se  a re  a ls o  reduced . I t  must th e r e f o r e
be supposed th a t  th e  f i r s t  a c t io n  o f  t h i s  re a g e n t i s  
t c  remove th e  B r, (XL, o t  th e  T h is  assum ption
seems w arran ted  in  th e  l i g h t  o f  th e  o T erw h ela in g ly  
p o s i t iv e  n a tu re  o f  th e s e  a tom s.
H ydrazine has  a ls o  been e x te n s iv e ly  used  a s  a 
re d u c in g  ag en t in  suoh o a se s . I t  does n o t a t t a c k  
th e  n i t r o  g roup , but i t  re d u c e s  th e  « e le c tro -p o s itiv e * *  
g ro u p s  o t  ha logen  atom s. One n i t r o  group o f  t e t r a ­
n i t  rom ethane i s  removed by t h i s  r e a g e n t ,  and c h lo ro — 
and b ro m o trin itro m e th a n e  a r e  b o th  a t ta c k e d  by i t ,  
th e  halogen b e in g  removed, and n i t r o g e n  being  ev o lv ed  
q u a m t i ta t iv e ly .  In  th e  case  o f  p i c r y l  c h lo r id e  
where th e  halogen  i s  « e le c t r o - n e g a t iv e * ,  th e r e  i s  
no re d u c t io n , bu t a d i r e c t  rep lacem en t o f  th e  
c h lo r in e  atom w ith  th e  fo rm a tio n  o f  p i c r y l  h y d ra z id e . 
I n v e s t ig a t io n s  have a ls o  been c a r r i e d  o u t on th e  
a c t io n  o f  h y d ra z in e  on n i t r o g e n  h a lo ||e n  compounds, 
and on bromom alonic e a t e r s ,  ( H i r s t  and M acbeth, T . ,  
1922, 121, 0 0 4 and on th e  halogen  d e r iv a t iv e s  o f
^  îiw»?
a s e r i e s  o f  a o e to a o e t ic  e s t e r s  { P ro c e e d in g s  o f  th e  
Royal I r i s h  Academy, 1925, B?, 47 ) and o th e r  d ik e to n e s
9( Ifacbeth and T r a i l l ,  T . ,  1925, 1 ^ ,  1118 ) .
In  a l l  th e s e  c a se s  read y  re d u c tio n  i s  e x p e rien ced  
when th e  p o l a r i t i e s  o f  th e  n e g a t i r e  oxygen o r  n itro g e n  
atom s a c t  th ro u g h  th e  carbon  o h a in tb o  endow th e  
halogen  w ith  an " e le c t r o - p o s i t lT e "  c h a r a c te r :  and
th e  p o l a r i t y  h y p o th e s is  r e c e iv e s  f u r th e r  su p p o rt from 
th e  f a c t  t h a t  th ro u g h o u t th e  s tudy  o f  th e  a c t io n  o f  
h y d raz in e  h y d ra te  on d i f f e r e n t  ty p e s  o f  ha logen  
compounds, a d i f f e r e n t i a t i o n  in  th e  r e a c t i v i t i e s  o f  
c h lo r in e  and brom ine atom s i s  ex p e rien ced  i n  agreem ent 
w ith  th e  r e m i t s  expected*  Suoh e f f e c t s  a re  d e a l t  
w ith  in  th e  fo llo w in g  p ag es , and need no t be more 
f u l l y  d is c u s s e d  here*
10,
<%-RITRO PATTY ACIDS,
S ubatanoes c h a r a c te r is e d  by th e  fo llo w in g  





-W .C I^.C O ^Et 
EtOjC.CHX.COjSt
lEtO  ^ C%2# CO^Yt )
( where I  r e p ré s e n ta  a halogen  atom ), tnd 3fc seemed o f
.’* ! •  J ,*  ■
in te r i : .3 t  to  p re p a re , f o r  com parison , compounds o f th e  
t y p e s : -
O^N.eHI.COgE#,
O^N.CI^.COgEt.
Th« o (-J tltro  f a t t y  a s t e r s  «ere  p re p a re d  and
. .  «1^
halogen  a t ed and th e  l a b i l i t y  o f th e  halogen  atom was 
s tu d ie d  by means o f th e  re d u c tio n  e f f e c te d  w ith  h y d raz in e  
h y d ra te .
11.
^ X —  CH
<*




The above fo rm u la  shows th e  p o s i t iv e  ch a rg e  
superim posed  on th e  ha logen  atom , The halogen
atom would, t h e r e f o r e ,  be ex pex ted  to  be s u f f i e i e n t l y  
l a b i l e  f o r  re d u c t io n  w ith  h y d raz in e  h y d ra te  to  ta k e  
p lace*  At th e  same tim e#  i t  may be n o te d  t h a t  th e  
c h a rg e  on th e  ha logen  atom i s  n o t so g r e a t  a s  i n  th e  
ca se  where two c a rb o x y l g ro u p s  a re  p r e s e n t ,  f o r  
exam ple, th e  n i t ro m a lo n ic  e s t e r  d e r iv a t iv e s *
The e f f e c t  o f  h y d raz in e  h y d ra te  i n  d i f f e r e n t i a t i n g  
betw een th e  r e a c t i v i t i e s  o f  th e  c h lo r in e  and brom ine 
atom s in  th e  compounds o f  p r e c i s e ly  s im i l a r  s t r u c t u r e , 
which has p re v io u s ly  been o b se rv e d , i s  a ls o  n o ted  in  
th e  s e r i e s  o f  o iw iitro  f a t t y  ac ids*
m t -
The r e a c t i v i t y  o f  c h io ro t r in i t ro m e th a n e  was
much l e s s  th a n  t h a t  o f  th e  co rre sp o n d in g  bromo
compound, a lth o u g h  re d u c tio n  o c c u rre d  in  b o th  c a s e s ,
{ Ifacbeth and P r a t t ,  T . ,  1921, 119, 1356)* %>re
s t r i k i n g  e f f e c t s  a re  found  in  th e  case  o6t c e r t a in
d ik e to n e s , no re d u c tio n  i n  saob o a se s  a s  
i ! 4 -^ io h lc ro - i:i* .d im e th y lc y c lo h e x a n e -^ :5 ^ d d o n e  and
12.
oyo lohfe K&n3D lro - 4 : 4 -d ic h lo  r o o y o lo he x an e-5 : 5 -d io n e ,
^  m m t  “» * •  *“ •
w heras n i t r o g e n  i s  r e a d i ly  l i b e r a t e d  when th e  
00r re sp e n d in g  d ib rom o- and ohlorobrom o— compouttd 
a r e  t r e a t e d  w ith  h y d ra z in e  h y d ra te , one bromiiE atom 
be ing  removed by th e  re d u c in g  ag en t in  each  c a s e .
In  agreem ent w ith  th e s e  o b s e rv a t io n s  i t  h a s  been n o te d  
t h a t  a l l  th e  c h lo ro  d e r iv a t iv e s  o f  th e  - n i t r o  f a t t y  
a c id s  exam ined a re  u n a c te d  upon by h y d ra z in e  h y d ra te , 
which i s  in  c o n t r a s t  w ith  th e  ready  rem oval o f  brom ine 
from  th e  co rre sp o n d in g  bromo— and c h lo ro  brom o- compounds 
These e f f e c t s  would seem to  be b e s t  e x p la in e d  
on a p o l a r i t y  b a s i s .  I t  m ight be u rg ed  th a t  th e  
d e s i r e  to  a c q u ire  a  ta u to m e r ic  hydrogen atom , o r  th e  
o p e ra t io n  o f s t e r i c  in f lu e n c e s ,  may e q u a l ly  w ell 
be th e  f a c t o r s  g o v ern in g  th e  l a b i l i t y  o f  th e  lmü.ogen 
atom o f  such compounds a s  d ib ro m o n itro a c e t ic ,  
b ro m o n itro p ro p io n ic , and brom onit ro  b u ty r ic  e s t e r s .
But when such an e x p la n a tio n  i s  c o n s id e ra b ly  weakened 
when i t  i s  seen th a t  th e  c o rre sp o n d in g  c h lo ro  compounds 
a r e  n o t r e a c t iv e  u n d e r th e  same e x p e rim e n ta l c o n d i t io n s :  
and i t  i s  more d i f f i c u l t  s t i l l  to  r e c o n c i le  th e  
r e a o t t v i t y  o f  brom onit ro a c e t i c  e s t e r  — which a lre a d y
15‘
p o s s e s s e s  th e  r e q u i s i t e  hydrogen  atom -  w ith  view s 
o th e r  th a n  th e s e  developed  on p o l a r i t y  c o n s id e ra t io n s *  
The b eh a v io u r o f  th e  l a t t e r  compounds f a l l s  in to  
l i n e  w ith  th e  r e a c t i v i t i e s  o f  th e  m onohalogen 
d e r i v i t i v e s  o f  m alon io  and a o e to a o e t ic  e s t e r s ,  and 
s in c e  th e s e  compound ? a l r e a d y  p o s s e s s  a hydrogen atom 
a t ta c h e d  to  th e  ca rbon  atom , th e  ta u to m e r ic  h y p o th e s is  
i s  in a p p l ic a b le ,  and th e  developm ent o f  s p a t i a l  
e f f e c t s  i s  n o t to  be expected*
The p r o p e r t i e s  o f  th e  n i t r o  f a t t y  a c id s  would 
a p p e a r to  su g g es t t h a t  th e  in f lu e n c e  o f  th e  n i t r o  
group i n  in d u c in g  th e  r e a c t i v i t y  o f  th e  ha logen  atom 
i s  l e s s  th an  t h a t  od a k e to n ic  o r  c a rb o x y l g roup , 
a s  w i l l  be seen i n  th e  fo llo w in g  exam ples;##
Halogen red u ced  by hyd raz in e*
R* CO * CHd * COg Et










Sipnort fo r  th i s  view I s  found In conpaiing 
the  p roperties  of the bromine atom In ethyl 
bromonitroaeetate and bromodlnitromethanet The 
former i s  read ily  reduced by hydrazine a t ordinary 
temperatures* whereas the l a t t e r  i s  unaffected 
( Macbeth and P ra tt#  l o o .p i t . )
15,
TSTRABHOIIOIIETHANE.
The c h ie f  o u ts ta n d in g  c a s e s  i n  #b iob  p o te i t y  
e f f e c t s  le a d in g  t o  a * p o s i t iv e "  ha logen  can n o t be 
t r a c e d  a re  th e  te t r a h a lo g e n  d é r iv â t  i r e s  oÊfmet bane .
Nef { A nnalen, 1899» 308» 3?8; O ustaT son, i b i d # 1874» 
172» 173 ) have shown th a t  such su b s ta n c e s  a re  
c o n v e rte d  in to  t r ih a lo g e n  m ethanes by a  v a r i e t y  o f  
a lk a l i n e  re d u c in g  a g e n ts ,  and f u r t h e r  exam ples o f  
s im i l a r  e f f e c t s  have been re c o rd e d  more r e c e n t ly  by 
G r i f f i t h  and H unter ( T , ,  1924» 1 ^ »  463 ) . '^e have
now exam ined th e  e f f e c t  o f  hydra z in   ^ h y d ra te  on 
te trabrom om ethane»  and f in d  t h a t  th e  r e lu c t io n o o c u r s  
w ith  th e  rem oval o f  one o f  th e  brom ine atom s and th e  
th e  l i b e r a t i o n  o f  th e  co rre sp o n d in g  volume o f  n itro g e n *  
The c o n s id e r a t io n  o f  s t e r i c  e f f e c t s  would a p p e a r to  
f u r n i s h  th e  most s a t i s f a c to r y  e x p la n a tio n  o f  th e  
l a b i l i t y  o f  th e  h a lo g en  atom i n  th e s e  oases*
16.
THE HALOGENATION OP ACETYL SUCCINIC ESTERS.
I t  has been e s ta b l ls h e c l  t h a t  th e  h a lo g en  
s u b s t i tu t e d  i n  th e  o c -p o sitio n  i n  l : 3 - k e to n io  e s t e r s  
i s  red u ced  by h y d ra a in e p  and th e  r e a c t io n  mnj be 
u sed  n o t on ly  f o r  th e  d e te c t io n  o f  such s u b s t i t u t i o n  
p ro d u c ts  bu t a ls o  f o r  t h e i r  e s t im in a t io n .  I t  
seemed o f  i n t e r e s t  to  ap p ly  th e  r e a c t io n  in  a 
f u l l e r  ex am in a tio n  o f  th e  h a lo g é n a tio n  o f  a c e ^ l -  
s u c c in ic  e s t e r s .  The o n ly  method o f  brominatü&n 
em ployed up to  p re s e n t  h as  c o n s is te d  i n  th e  d i r e o t  
a d d i t io n  o f  th e  h a lo g en  to  a s o lu t io n  o f  th e  e s t e r  
i n  ch lo ro fo rm  o r  o th e r  i n e r t  o rg a n ic  s o lv e n t .  Under 
th e s e  c o n d i t io n s  th e  brom ine r e a c t s  r e a d i ly  an f  th e  
p ro d u c t o b ta in e d  from  e th y l  a c e ty l  s u c c in a te  i s  
found to  o x id is e  h y d ra z in e  h y d ra te  on ly  s l i g h t l y  
w ith  th e  l i b e r a t i o n  o f  a sm a ll volume o f  n i t r o g e n .
T h is  b eh a v io u r in d ic a te d  t h a t  th e  su b s tan ce  i s  m ain ly  
th e  ('-bromo e s t e r  and th e  o b s e rv a t io n  i s  su p p o rte d  by 
in d ep en d a n t work. T^us Ruhemann and Hemy, ( T . ,  1897» 
71» 330 )» found t h a t  th e  e th y l  b ro m a c e ty lsu c c in a te
17.
th e y  o b ta in e d  by th e  b ro m in a tio n  o f  th e  p a r e n t  
e s t e r  i n  ch lo ro fo rm  s o lu t io n  decomposed on d i s t i l l a t i o n  
w ith  th e  fo rm a tio n  o f e th y l  brom ide and e th y l  
^ -ca rb e th o x y -(W m etb y l ^ e t r o n a te  (I)*  They th e r e f o r e
m m -
a s s ig n e d  th e  -bromo s t r u c tu r e  to  th e  e s te r »  and t h i s  
in f e r e n c e  i s  su p p o rte d  by th e  p re s e n t  work» which 
shows t h a t  th e  bromo e s t e r ,  s im i l a r ly  p re p a re d , l i b e r a t e s  
l i t t l e  n i t ro g e n  from h y d ra z in e  h y d ra te .
CH. —  CO . CH. CH. . CO. E t 
I  ^ ^ ^
Br EtO^C
CH^.00*CHftt^C0,^5t 
0 —  00 + E tB r
{ I  )
W ollf and J u n k e r , ( A nnalen, 1913» 399 , 509 ), 
have i iv e n  p ro o f  t h a t  when e th y l  d i a c e ty l s u c c in a te  i s  
b ro m in a ted  u n d e r  th e  above c o n d i t io n s  i t  a id e  g iv e s  
r i s e  to  th e  %-bromo d e r iv a t iv e ;  f o r  on h e a tin g  
th e  bromo compound f o r  some tim e  a t  150 -  IGO^ ’i t  i s
18-
c o n r e r te d  i n to  b i s t r e t o n i o  a c id  ( I I  ) , e th y l  brom ide 
bein& eT olT ed:






2 I t l r
( II  )
In  th e  p re v io u s  h a lo s o n s t io n s  o f  th e  1 :3 -d ik e to n e s  
s u b s t i tu t i o n  h a s  been found to  o c c u r  i n  th e  m ethy lene  
g roup  betw een th e  two ca rb o n y l g roup# ; and i t  seemed 
n a tu r a l  to  ex p e c t t h a t  such a course#  th e  ^ -h a lo g é n a tio n #  
would be fo llo w ed  in  th e  case  o f  a c e ty ls u e c in ic  e s t e r s .  
The d i r e c t  fo rm a tio n  o f  th e  ^-bromo d e r iv a t iv e s  would 
im ply  th e  é n o l i s a t i o n  which p re c e d e s  b ro m in a tio n  d i f f e r s  
from  t h a t  o c c u r r in g  i n  d ik a to n ic  compounds such a s  
a c e to a c e t ic  e a t e r  o t  b e n z o y la c e t ic  e s t e r y  and in v o lv e s  
atom o f th e  te rm in a l  m ethy l g roup . E vidence i n  su p p o rt
1«.
o f  such é n o l i s a t i o n  h as  been su b m itted  in  th e  ca se  o f  
e th y l  d ia c e ty lm a lo n a te  ( B ru h l, B e r . , 1894» 2378;
J .  pr* Chea«i 1894» ( I I  )» 50» 119 ) and o f  a c e tace to n e »  
( B ie le c k i  and Henri» Compt. re n d . » 1914» T ^ »  1022 #» 
O ther w o rk ers  ( Auwers and A uffenburg» B er.»  1917» 50,
929 ) d is a g r e e  w ith  th e s e  su g g es tio n s»  and one m ight 
be o f  th e  o p in io n  t h a t  in  th e  c a se  o f  th e  a c e t y l -  
s u c c in a te s  é n o l i s a t i o n  o f  th e  norm al ty p e  occurs»  th e  
fo rm a tio n  o f  th e  Y-brom o- d e r iv a t i v e s  b e in g  acco u n ted  
f o r  by m ig ra tio n  o f  th e  ha logen  atom from  th e  
oc - p o s i t i o n  where i t  f i r s t  e n t e r s .  C ases o f  such 
m ig ra tio n  a re  ^ e l l  e s t a b l i s h e d  in  th e  a c e to a c e t i c  
e s t e r s  ( Hantsch» B e r .» 1894P 27» 356» 3169; Conrad 
B er. » 1896» ^ »  1042 )» and i t  i s  now c l e a r  t h a t  
s im i l a r  r e a c t io n s  o c c u r i n  th e  h a lo g en  d e r iv a t iv e s  
o f  e th y l  a c e ty l s u e c in a te .  C h lo r in a t io n  o f  th e  e s t e r  
by means o f  s u lp h u ry l  c h lo r id e  g iv e s  a  c h lo ro  
d e r iv a t iv e  which r e a c t s  a lm ost q u a n t i t a t i v e l y  w ith  
h y d ra z in e  h y d ra te ,  and th u s  c o n s i s t s  a lm o st e n t i r e l y  
o f  th e  cx-ohloro e s t e r .  The p o s i t io n  o f  th e  h a lo g a i 
atom i n  th e  a s t e r  i s  f u r t h e r  e s ta b l i s h e d  by th e
20.
i s o l a t i o n  o f  e th y l  3 -a e tb y l-6 -p y ra z o lo n e -4 .a G # ta te  ( I I I  ) 
a s  th e  m ain p ro d u c t o f  th e  a c t io n  o f  h y d ra z in e  
h y d ra te  ion th e  c h lo ro  e s t e r ;  r e d u c t io n  to  th e  p a re n t 
e s t e r  f i r s t  o c c u rs ,  fo llo w e d  by co n d e n sa tio n  to  th e  
p y ra z o lo n e ,
NH ,.NH^ 4- OO.Me
t  1  I
KtO^ C, OH* CH  ^,  CO2 ®*t
j
^ N »=« C.Ue
i»T -
NH
^G O  —  CH.CH^.CO S t 
(  I I I  )
P h en y lh y d rÀzin e  r e a c t s  w ith  th e  c h lo ro  e h t e r  
i n  an i n t e r e s t i n g  way, Schonbrodt ( A nnalen, 1889,
^ 3 ,  197 ) in y e s t ig a te d  th e  e f f e c t  o f  t h i s  re a g e n t 
on c b lo ro —, brooo—, and io d c - a c e to a c e t ic  e s t e r s ,  
and i s o l a t e d  a d e r i r a t i v e  which he concluded  was 
3 -m eth y lm .l-p h e n y l-4 -n itro  90-6 -p y ra z o lo n e  { IV ) ,
4 # # .. m. ■
E xcep tion  was ta k e n  to  t h i s  view by Bucks and
21.
%>rague, (B e r . ,  1889, 22, 1543) , who p re p a re d  an
# # * .
I d e n t i o a l  d e riw a tA re  by th e  a c t io n  o f  phenyX hydrasdne 
on th e  t h i o a o e t i c  e s t e r ,  and c o n c lu s lv e ly  p ro v ed  i t  
to  be 4 -b e n z e n e h y d ra g o -l-p h e n y l-3 .4 a e th y l- 5 -p y ra z o lo n e  (7 )
fNW*
N a e a s r a B *  C.lfO
CO -----  C;HOH
( IT )
N an-ssB C. Ue
/
C ,H ,  . N
CO ----- CrN.NH.C^H^
( V )
The r e a c t io n  w ith  e th y l  (X -c h lo ra c e ty ls u é c in a te , 
how ever, canno t fo llo w  a  s im i la r  c o u rse , th e  hydrogen 
a t  th e  o(-carbon r e q u ir e d  f o r  th e  c o n d e n sa tio n  b e in g  
m iss in g  i n  t h i s  c a s e .  The p ro d u c t i s  found  to  
con tadn  no c h lo r in e ,  and i t  g iv e s  n4 r e a c t io n s  
c h a r a c t e r i s t i c  og th e  k e to n ic  g ro u p . The n i t r o g e n  
c o n te n t shows t h a t  th e  c o n d e n sa tio n  has in v o lv e d  one 
BM)lecule o f  p h en y lh y d ra z in e  and one o f  t h e  c h le ro  e s t e r
22.
th e  r e a c t io n  ta k in g  th e  co u rse  below  w ith  th e  fo rm a tio n  
o f  e th y l  /^ -^ a rb e th o x y -jf -b e n z e n a z o -^ ^ -p e n te n o a te  ( VI ) .
Me. CO• CCI (CO  ^Et ) . CH^. C o EtI
M e.C.CCI. (CO,Et ) . CH,.0 0 , Et
(I ^   ^  ^ ^
N*NH.Ph
Me.C^C(COg Et )CH^  .CO^Et
I  — -*■
NmN.Ph 
( VI )
Support f o r  t h i s  view  i s  found in  th e  o b a e m a tio n  
o f  Bender ( B e r . ,  1887» ^ »  2747 ) t h a t  i n  th e  p re se n c e  
o f  th e  e th e r  e th y l  o c -c h lo ra c e to a c e ta te  r e a c t s  w ith  
p h en y lh y d ra z in e  to  g iv e  e th y l  /^ -b e n z e n e a z o c ro to n a te  (V II), 
On h y d ro ly s is  o f  th e  e s t e r  ( VI ) an a c id  i s  formed» 
th e  p u r i f i c a t i o n  o f  which p re s e n ts  c o n s id e ra b le  
d i f f i c u l t y .  The a n a ly t i c a l  r e s u l t s  i n d i c a t e  t h a t  i n  
th e  p ro c e s s  o f h y d ro ly s is  a c a rb e th o x y l group i s  








. . (V III  )
The b ro m in a tio n  o f  a c e ty ls u o o in io  esrterh taas been 
f u r t h e r  o x a a in e d  and i t  i s  found t h a t  a good y i e l d  
o f  th e  oc-broao e s te r ,  may be o b ta in e d  i f  th e  b ro m in a tio n  
i s  c a r r i e d  o u t in  an aqueous s o lu t io n  o f  p o ta ss iu m  
h y d ro x id e . The e s t e r  can be d i s t i l l e d  w ith o u t 
d eco m p o sitio n  u n d e r red u ced  p r e s s u r e .  D ro m iaà tio n s  
o f  a o e to a c e t l e  and b e n e o y la o e t ic  e s t e r s  have been  
c a r r i e d  o u t by i j i t ro d u c in g  th e  halogen  i n t o  th e  e s t e r  
by means o f  a  r a p id  c u r r e n t  o f  a l e  ( % i t h ,  J .  Amer. Chem»
v u » -
S o c .,1 9 2 2 , 44, 216; M acbeth, T . ,  1923, 123, 1122 ) .  
Under th e s e  c o n d i t io n s  th e  hydrogen brom ide form ed i n  
th e  r e a c t i o n  i s  p re v e n te d  from accu m u la tin g  and th e  
p ro d u c t i n  a l l  c a s e s  i s  found to  be th e  'jf-bromo 
d e r i T a t i r e .  A c e ty ls u c c in ic  e s t e r  when b ro m in a ted  
a c c o rd in g  to  th i is m e th o d  g iv e s  a  p ro d u c t w h icb rn
24<
t r e a tm e n t  w ith  h y d ra z in e  h y d ra te  i s  found to  c o n ta in  
o n ly  so As 26 p e r  c e n t ,  o f  th e  ^-brom o e s t e r .  I t  
would t h e r e f o r e  a p p e a r  t h a t  th e  m ig ra t io n  o f  th e  
h a lo g e n  atom from  th e  rL. to  th e  p o s i t io n  o e o u rs  
more r e a d i lÿ  i n  t h i s  oase  th a n  in  th e  a o e to a o e t io  s e r ie s »  
th e  t r a c e s  o f  hydrogen  brom ide p re s e n t  b e in g  s u f f i o i w t  
to  in d u c e  th e  change* I t  i s  t h e r e f o r e  n o t s u r p r i s in g  
t h a t  b ro m in a tio n  o f th e  e s t e r  i n  ch lo ro fo rm  s o lu t io n   ^
w here t h e  hydrogen  brom ide form ed i s  m o stly  r e ta in e d  
i n  s o lu tio n »  a ls o  l e a d s  to  th e  fo rm a tio n  o f  th e  iT-bromo 
e s t e r .
The r e a c t i v i t y  o f  th e  h a lo g en  atom to w a rd s  
h y d ra z in e  i n  th e  o a se  i f  th e  ^X#khloro— and ^M^romo- 
a c e ty l  s u c c in a te s  may be re g a rd e d  a s  due e i t h e r  to  p o l a r i t y  
e f f e c t s  o r  to  t h e  tendm icy  o f  th e  compounds t o  a c q u ir e  
a ta u to m e r ic  hydrogen atom* The w r i te r  i s  o f  th e  
o p in io n  t h a t  th e  r e d u c t io n s  o b ta in e d  in  th e  c o u rse  o f  
t h i s  woxt a r e  b e s t  e x p la in e d  on a p o l a r i t y  b a s i s :  
f o r  t h e  d i f f e r e n t i a t i o n  betw een th e  r e a c t i v i t i e s  
o f  th e  brom ine and th e  c h lo r in e  m eets  w ith  a read y  
e x p la n a t io n  on such  grounds» ( Macbeth» T* » ig 2 2 ,
121, 1118 J H i r s t  and Macbeth» T*» 1922» 121 ,2173  ).
2«-
The b e h a v io u r  o f th e  e th y l  c h lo r o -  and brom o- 
n à tro m a lo n a te s  i s  o f  g r e a t  i n t e r e s t  in  t h i s  c o n n e c tio n . 
These s u b s ta n c e s  do n o t p o sse s s  th e  hydrogen atom 
n e c e s s a ry  t è  g iv e  th e  a c i -fo rm  o f  th e  s a l t s ,  and th e  
tendency  to  a c q u ire  such an atom m ust be re g a rd e d  
a s  a  p o t e n t i a l  f a c t o r  i n  th e  r e a c t i v i t i e s  o f  th e  
compounds. On th e  o th e r  hand th e  p o l a r i t i e s  o f  th e  
oxygen atom s o f  th e  c o n s t i tu e n t  g ro u p s  o f  th e  e s t e r s  
a r e  such a s  to  endos th e  halogen  atom s w ith  c o n s id e ra b le  
« p o s i t iv e n e s s » ;  and owing to  i t s  g r e a t e r  in h e re n t  
e le c t r o n e g a t iv e  c h a r a b te r ,  th e  c h lo r in e  i n  th e  c h lo ro  
e s t e r  muet be re g a rd e d  a s  b e in g  o f  much l o s s  " p o s i t iv e "  
n a tu re  th a n  th e  brom ine in  th e  broao d e r iv a t iv e .
T h is  a c tu a l ly  e x p re s s e s  i t s e l f  in  th e  r e a c t i v i t i e s  o f  
th e  compounds w ith  h y d ra z in e  h y d ra te .  E th y l bromo— 
n itro m a lo n a te  i s  v ig o ro u s ly  reduced  by th e  re a g e n t 
w ith  th e  l i b e r a t i o n  o f  th e  c o rre sp o n d in g  volume o f  
n i t ro g e n  ( H i r s t  and II?cbeth , T . ,  1922, 9 1 1 ) ;
and i n  c o n t r a s t  w ith  t h i s  th e  c h lo ro  e s t e r  r e a c t s  
w ithou t th e  e v o lu t io n  o f  g a s ,  g iv in g  a  p r e c i p i t a t e  
o f  th e  h y d r^ s id e  o f  e th y l  c h lw w o n itro a c e ta te .
26.
A lc o h o lic  ammonia r e a c t s  i n  a s im i l a r  vslj g iT ia g  th e  
c o r re sp o n d in g  ammonium s a l t .
In  th e  f i r s t  c a se  i t  w i l l  be seen  t h a t  th e  
p o l a r i t y  e f f e c t  m a n if e s ts  i t s e l f  and th e  s t ro n g ly  
p o a i t i r e  brom ine i s  removed by r e d u c t io n :  i n  th e
seoonu case» where th e  h a lo g en  i s  n o t  so p o s i t iv e »  
th e  ta u to m e r ic  hydrogen  i s  a c q u ire d  by th e  e l im in a t io n  
o f  a o a rb e th o x y l g ro u p , th e  r e a c t io n  fo llo w in g  a co u rse  
somewhat s im i l a r  to  th e  rem oval o f  a  c a rb e th o  xy lgroup  
from  e th y l  n i t r o i s o s u c o in a te  by a lc o h o l io  ammonia 
w ith  th e  fo rm a tio n  o f  th e  ammonium s a l t  o f  e th y l  
a c i - n i t r o p r o p io n a t e  ( S te in k o p f  and Sbp&n, B e r . ,
1910, « ,  3 2 4 5 ).
Case I .  Bromine « e l e c t r o - p o s i t i v e » :  r e d u c t io n  o c c u rs .
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Case I I .  C h lo r in e  l e s s  ^ e le o t r o - p o s l t i v e * t
»*»■• l»A.
rem oval oB th e  o a rb e th o x y  g roup  o co u rs.
KO CO Et
c a .^  cc.  ^Et
NO W  Et
d /  \
n i t r o » c o t i o  e s t e r .
{ i s o l a t e d  a s  th e  h y d ra z id e  )
MALONAIÎIDES AND ACETOACETIC ESTERS.
Th« l a b i l e  b a tu r e  o f  th e  ha logen  atom in  
ooMpounle o f  th e  m alonamide a e r i e s  h as W en c te ir ly  
d e m o n s tra te d  by th e  work o f  W hite l^y  and h e r  
c o l l a b o r a to r s  ( T . ,  1921, U g ,  3 59 ), and i t  seemed
M k ;. ^  • M W  MW- M .
o f  i n t e r e s t  to  e x te n d  o u r e x p e rim e n t3 and exam ine 
th e  e f f e c t  o f  h y d ra z in e  on su b s ta n c e s  o f  th is tb y p e *
In  g e n e ra l  i t  h a s  been o b se rv ed  t h a t  th e  in t r o d u c t io n  
o f  a n i t r o  g roup  g r e a t ly  in c r e a s e s  th e  r e a c t i v i t y  
o f  t h e  h a lo g en  atom  in  th e  compounds which have beeb 
s tu d ie d ,  ( T . ,  1922, m ,  392 , 9 0 3 ) , and t h i s  e f f e c t  
vfould a p p e a r  to  be o p e r a t iv e  i n  th e  m alon ic  s e r i e s  a l s o .  
Thus Itx tz  ( M onatz. 1904, g ,  693), p re p a re d
^  a m »  «m--
brom onitrom alonam ide by th e  a c t io n  o f  brom ine on 
a  su sp e n s io n  o f  n itro m a lo aam id e  i n  w a te r . On 
e v a p o ra t io n  o f  t h e  aqueous o f  th e  compound, e w n  i n  
vacuo a t  o rd in a r y  room te m p e ra tu re , d ecom position  s e t s  
i n  and brom ine i s  l i b e r a t e d :  a  b e h a v io u r which i s
in  c o n t r a s t  w ith  th e  s t a b i l i t y  o f  th e  b ro m o n itro -  
m alonam ides th em se lv es*
æ .
H ydraaine h a s  been found to  r e a c t  q u a n t i t a t i v e l y  
w ith  th e  c h lo ro  and bromo d e r l e à t i v e s  o f  a  s e r i e s  o f  
m alon ic  e s t e r s  ( T . ,  1922$ 121» 904» 1 1 1 6 ), and i t  
would re n d e r  th e  halogen  atom  i n  th e  m alonan lde  
d e r iv a t i v e s  s u s c e p t ib le  to  r e d u c t io n  by t h i s  re a g e n t 
a t  l a b o r a to r y  te m p e ra tu re s#  Suoh was found to  be 
th e  oase  when th e  m onochloro , d io h lo ro ,  and dibromo 
d e r iv a t iv e s  o f  m alonamide were exam ined, b u t th e  
f u r t h e r  s(rudy o f  a  s e r i e s  o f  s u b s t i tu t e d  am ides showed 
t h a t  th e  r é d u c t io n  o c c u r r in g  in  th e  co ld  was n e g l i g i b l e ,  
l i t t l e  n i t r o g e n  b e in g  e v o lv e d . T h is  i s  p ro b ab ly  
co n n ec ted  w ith  th e  s o l u b i l i t i e s  o f  th e  s u b s ta n c e s , bu t 
th e  i n v e s t i g a t io n  h a s  n o t been c a r r i e d  s u f f i c i e n t l y  
f a r  f o r  u s  to  e x p r e s s  o u r s e lv e s  d e f i n i t e l y  on th e  
q u e s tio n #  H ost o f  th e  am ides exam ined, how ever, 
o x id is e d  hydr ) z in e  h y d ra te  when th e  r e d u c t io n  m ix tu re  
was h e a te d  up in  a t e s t  tube*
Huhemann and O rton  ( T # , 1895, 67, 1002) found
^
t h a t  h y d ra z in e  r e a c t s  v io l e n t ly  w ith  dibrom om alonam ide, 
and i f  th e  r e a c t io n  i s  m odera ted  by th e  a d d i t io n  o f  
a lc o h o l  th e  h y d razone  o f  m esoxalam ide c r y s t a l l i s e s
29.
f r e e  from  th e  s o lu t io n  on cooling*  Prom t h i s  i t  
a i ^ h t  ap p ear t h a t  s u b s t i tu t io n  o o cu rred  in  th e  r e a c t io n ,  
b u t ex p e rim en ts  no? c a r r ie d  o u t in  a ra n  
n i t r o m e te r  show t h a t  re d u c tio n  o f  th e  bromo compound 
u n d o u b ted ly  o c c u rs , f o r  n i t ro g e n  i b  evo lved  to  an 
e x te n t  o f  some 90 p e r  cent*  o f  th e  t h e o r e t i c a l  amount* 
Ruhemann and O rton*s work h as  been re p e a te d  and th e  
r e s u l t s  con firm ed , and th e  re d u c tio n  i s  th e  more 
i n t e r e s t i n g  on account o f  th e  f a c t  t h a t  th e  hydra zone 
i s  n o t  o b ta in e d  by th e  co n tin u ed  a c t io n  o f  hyd raz in e  
h y d ra te  on malonamide i t s e l f *
I t  h as  been p o in te d  o u t ( Macbeth, T . ,  1923, 123, 
1122) t h a t  a lth o u g h  th e  halogen  d e r iv a t iv e s  o f  th e  
a c e to a c e t ic  e s t e r s  re a c t  q u a n t i t a t iv e ly  w ith  h y d raz in e  
h y d ra te , th e  halogen  d e r iv a t iv e s  o f a c e to a c e t ic  e s t e r  
i t s e l f  l i b e r a t e  volumes o f  n i t ro g e n  which a re  c o n s id e ra b ly  
l e s s  th a n  th e  t h e o r e t i c a l  am ounts: th e  mono ch lo ro
co9poim d, f o r  exam ple, l i b e r a t e s  some 63 p e r  c e n t* , 
w h ile  th e  mono bromo d e r iv a t iv e  y ie ld s  82 p e r  ce n t* , 
o f  th e  c a lc u la te d  q u a n t i t ie s *  I t  was su g g ested  t h a t  
t h i s  b eh av io u r m ight be accoun ted  f o r  by th e  b a s ic
30.
n a tu re  o f  th e  re a g e n t t which may s t a b l l i e e  the halogen  
e s t e r s  to  some e x te n t  i n  th e  e n o lio  fo rm s: o r  
a l t e r n a t i v e l y ,  th e  low r e s u l t s  m ight be due to  th e  
secondary  r e a c t io n s  in v o lv in g  th e  fo rm a tio n  o f  r in g  
compounds* In  t h i s  co n n ec tio n  th e  r e s u l t s  o b ta in e d  
by W olff ( B e r . ,  1904, 37, 3897; 1905, 3036), on
«HT- ^
tre a tm e n t o f a c e to a c e t ic  e s t e r  w ith  h y d ra s in e  u n d er 
d i f f e r e n t  c o n d i t io n s  a re  o f  i n t e r e s t*  Thus, h y d ra z in e , 
su lp h a te  a c t in g  on a 10 p e r  cent* aqueous s o lu t io n  
o f  th e  e s t e r  i n  th e  p re se n c e  o f  sodium ca rb o n a te  
g iv e s  a s  th e  p r in c ip a l  p ro d u c t th e  a  s in e  o f  th e  e s t e r ( I )
EtO^C.CHj^.CMe-N.N-C.lfe.CH^.CO^Et { I  )
The same re a g e n t on d i f f e r e n t  tre a tm e n t g iv e s  
3*4aethy l-5 .e tho  xypyrazo le  ( I I  ), and th e  a s in e  
i t  s e l f ,  on h e a tin g  ? i th  d i l u t e  a lc o h o l i s  convénrted 





BtO.C ^  CH { I I  )
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N ■atmm C# Me
NH
CO —  CH.CMetCH.CO^Bfe
( I I I  )
I t  w i l l  be e r ld e n t  from th e  v a r ie ty  o f  th e  
p ro d u c ts  o b ta in e d  by W olff t h a t  r in g  fo rm a tio n  may 
c o n ce iv ab ly  accoun t f o r  th e  low r e f a i t s  o b ta in e d  in  
o u r h y d raz in e  ex p e rim en ts  w ith  c h lo ro  and brom o- 
a c e to a c e ta te s *  To t e s t  m a tte r  f u r th e r ,  a t te m p ts
were made to  i s o l a t e  th e  f i n a l  p ro d u c ts  o f  th e  r e a c t io n  
in  th e  oase  o f  th e  halogen  d e r iv a t iv e s  o f  a s e r i e s  
o f  s u b s t i tu te d  a o e to a o e tio  e s te r s *  The (^-ohloro and 
Jbromo d e r iv a t iv e s  o f  e th y l  e t h y l - ,  p ro p y l- ,  and 
b en asy lace to ad e ta te s  on tre a tm e n t w ith  h y d raz in e  h y d ra te  
gave good y ie ld s  o f  5 -a e th y l-4 « e th y l-^ -p y ra z o lo n e  ( IV ), 
S -ae th y l-d w p ro p y l-g -p y razo lo n e  (V }, and 3*m ethyl-4^ 
benz]rl«6-pyrazo lone ( VI ) r e s p e c t iv e ly  bu t e th y l  
o h lm o  and b ro m o ac e to ace ta te s  gave r i s e  to  mixed 
p ro d u o ts , in d ic a t in g  th a t  sim ple re d u c tio n  fo llow ed  by 










CO —  CH.Pr 
( V )
N as»B C#
CO —  CH.Bz 
{ VI )
E th y l oh l 0 ro  benzoy l a oBt a te  was a lso  p re p a red  
and exam ined. On tre a tm e n t w ith  h y d raz in e  h y d ra te  
ré d u c tio n  took  plaoe# bu t a s  in  th e  case o f  th e  
halogen  d e r l r a t l r e s  o f  e th y l  a o e to a c e ta te  th e  volume 
o f  n itro g e n  was c o n s id e ra b ly  l e s s  th an  th e  t h e o r e t i c a l  
amount# app rox im ating  to  some 66 p e r  cent# The e s t e r  
can on ly  c o n s is t  o f  th e  cx<«chloro compound, suid t h i s  
I s  v e r i f i e d  by I t s  co n v e rs io n  In to  e th y l
33.
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THE BARBITURIC ACIDS,
T h is  w ort was nex t ex tended  to  in c lu d e  a s e r i e s  
o f  b a r b i tu r i c  a c id s  and t h e i r  ha logen  d e r iv a t iv e s .
+
NH _  0 0 - _
+ 0 0 -  CBr.^;
X  + /  Z 4--K
NH —  CO- 
+
The in f lu e n c e  o f  th e  t w  k e to  g roups would appear 
to  be to  g iv e  th e  bromine atom a s tro n g ly  " e le c t r o ­
p o s i t iv e »  charge and re n d e r  i t  s tro n g ly  re a c tiv e *
W hiteley ( P . ,  1908, 238) found th a t  th e  mono and
»M r
di-brom o d e r iv a t iv e s  o f th e  s e r i e s  o f  compounds o o n ta in in g g  
•jCO * CHBr • CO— 
and
«"/ZO* C%r^. (X)—
l i b e r a t e  io d in e  from h y d tio d io  a c id  a t  o rd in a ry
tem p era tu res*  Baeyer ( A nnalen, 1864, 133)
o b se rv es  t h a t  th e r e  i s  a d if f e re n c e  in  th e  r e a c t i v i t y
o f  th e  two bromine atoms in  dibromo b a r b i tu r ic  a c id ,
one o f th e  two being  more r e a d i l t  re p la c e d  by hydrogen 
th an  th e  o th e r ,  and f b i t e l e y ,  ( T . ,  1921, 119, 377),
35 #
found th a t  th e  re d u c tio n  o f  d ib ro m o b a rb ltu rlo  a c id  
l a  e f f e c te d  to  th e  e x te n t  o f  one h a l f  o f  th e  brom ine 
p re s e n t  when an aqueous s o lu t io n  o f th e  s a l t  i s  added 
to  a n e u t r a l  s o lu tio n  o f po tassium  io d id e .
On a c tin g  upon d ib ro m o b a rb itu r ic  a c id  wibh hydra mine 
h y d ra te  a s im ila r  r e s u l t  was o b ta in e d . I t  was found 
t h a t  n i tro g e n  *as l i b e r a t e d  i n  a volume co rrespond ing  
to  th e  rep lacem ent o f one brom ine atom by hydrogen.
A new substance» which on a n a ly s i s  proved to  be th e  
hydram ide o f monobro mo b a r b i tu r i c  acid» i s  throw n ou t o f 
s o lu t io n .  A change from th e  k e to -k e to  to  th e  keto#* 
eno l m o d if ic a tio n  ta k e s  p la c e .
NH —  CO
/  - X
2 a> yCBr +
-  \  X  2 2. 2.
^ N H  —  CO 
NH —  C.OH
2 CO ^ C B r  +  2 H B r  +■
/  -  '
NH —  0 0  
NH —  C.ONH^.NH,^
CO :CBr
/
NH —  00
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M onobroaobarb itu ric  a c id  d id  no t r e a c t  i i t f a  
h y d raz in e  h y d ra te  to  l i b e r a t e  n itro g en *  On adding th e  
re a g e n t to  an aqueous s o lu t io n  o f  m onobrom obarbituric a c id  
and th e n  re&oTing th e  a lc o h o l under reduced  p re s su re  
a hydrazide»  id e n t io a l  w ith  t h a t  o b ta in ed  from the 
dibromo compound, was i s o l a t e d .  D iohloro  b a r b i tu r ic  
a c id  behared  in  th e  same way tow ards hydrazine»  and a 
co rre sp o n d in g  h y d raz id e  was o b ta in e d .
The corri:: spending  halogen  compounds o f  l* -pheny l- 
b a r b i tu r i c  a c id  and 1 :3 # d ip h en y lW r b i t  u r i c  a c id  were 
p re p a red  and t h e i r  r e a c t i v i t y  tow ards h y d raz in e  h y d ra te  
t e s t e d .  The r e s u l t s »  a s  a n t ic ip a te d »  ag reed  w ith  th o se  
o f  th e  b a r b i t u r i c  a c id  compounds. In  each  case  th e  
removal o f  on ly  one halogen  atom may be e x p la in e d  by 
th e  k e to « en o l c o n s t i tu t io n  o f  th e  m ono-halogen d e r iv a t iv e .
v m *
-  CO m. C.OH
-I -IIex. ^  cx
I 1
— CO «# CO
The mono halogen  compounds» th u re fo re »  f  ?11 in to  th e  
c la s s  o f compounds which c o n ta in s  a halogen  atom jo in e d
37.
to  a carbon atom to  which a double bond i s  a lao  a t ta c h e d . 
V inyl brom ide and th e  dm, and /^—c h lo ro p ro p y le n e s  a re  th e  
b e a t knovm exam ples o f  t h i s  ty p e  o f  su b s ta n c e , and th e  
halogen  atoms in  th e s e  compounds a re  e x c e p t io n a lly  
s t a b le ,  th e  a p t i tu d e  fo rd d o u b le  decom position  being  
a lm ost e n t i r e l y  la c k in g .
The mono halogen  d e r i r a t i r e s  o f  cyolo  compounds, 
suoh a s  cyolo  he xauie a p iro c y d o  he %ane-3 ! 5 -d io n e  > a re  
n o t a c te d  upon by h y d raz in e  h y d ra te , and th e  s t a b i l i t y  
o f  th e s e  compounds i s  d o u b tle s s  due to  th e  in f lu e n c e  
o f  th e  a d ja c e n t double bond, f o r  th e  absence o f  r e a o t i r i t y  
i n  mich c a se s  i s  w e ll e s ta b l i s h e d .
In  view o f t h i s  g e n e ra l s t a b i l i t y  o f  h a ï t i e n s  in  
un ion  w ith  a doubly l in k e d  carbon  atom, th e  hon-* 
r e a c t i v i t y  o f th e  brom ine atom i n  m onobrom obaibiturlc 
a c id  and a ic h  r e la te d  compounds i s  n o t s u rp r is in g *
The d io h lo r o b a r b i tu r ic  d i f f e r s  from compounds 
o f  s im i la r  c o n s t i tu t io n  in  r e a c t in g  w ith  h y d ra z in e .
C ydohe xaaes p i r o - 4 : 4-diohX orocyclQ he xane-@ :5-d&one 
{ Ifaobeth, T .,  1922, 121, 1121), 4 : 4 - d i c h lo r o - . l ; l -
m tn  .« f m ti*  p w  * *  i--
d im e th y lcy c lo h ex an e -3 :5 -d io n e  ( H irs t  and M acbeth,
38.
?# , 1922# V^ 9  2176) m à )V -diohlorobenaoylaoetone
m m - -V  ««e- w
( M acbeth, 1923, 123, 1126) a re  n o t reduced by h y d raz in e
* * *  «W»-
The d i f f e r e n c e  in  r e a c t i v i t y  o f  th e  c h lo r in e  atoms 
may be e x p la in e d  nhen th e  p o la r i ty  th e o ry  i s  ap$l&ed 
to  th e s e  th r e e  c la s s e s  o f  compounia —  d i ch lo ro  b a r b i tu r i c  
a c id ,  th e  d io h lo ro -d io n e s  and th e  o th e r  d ik e to n e s ,
 ^ NH —  0 0 -
- \ r  + +
—  00 -
r  ^ +
C h lo rin e  r e a c t iv e .
CH Ç»-
m e n  ^
Ndt reduced  by hydrazine#
O H ,.C ».C .fô .C ,H ^ I 6 5
Â3 i s  seen from  th e  above form ulae th e  ttUoorine atom 
in  d ic h lo r o b a r b i tu r ic  a c id  i s  much more r e a c t iv e  ( being  
much more e le c t r o  p o s i t iv e  ) th a n  th a t  4n the  o th e r  d ik e to n e s .
39.
AB30RPTI0H SPECTRA 
OP HALOGEN COMPOUNDS AND THEIR BEARING ON 
RESTIONS OF CONSriTUTIOM.
I t  has been suggested  t h a t  th e  l a b i l e  n d tu re  o f  th e  
halogen  atom i s  connected  w ith  c e r t a in  s t r u c t u r a l  arrangea 
ment s ,  th e ^ r e a c t iv e  oomrounds c o n ta in in g  an oxygen— 
halogen  l in k in g *  T h is  view was e s p e c ia l ly  advocated  
by f i l l s t a t t e r  and H o tten ro th  ( B e r . , 1904# 37# 1775)# 
and i t  h as  a lso  been adopted  by o th e r  w orkers ( P o rla n d e r 
md Kohlmann, Innalen# 1902# 322# 2 39 ). The f i r s t  
m entioned w orkers were le d  to  p ropose an oxygen-brom ine 
l in k in g  to  accoun t f o r  th e  s u rp r is in g  r e a o t iv i t y  o f  th e  
ha logen  atom in  b ro m o n itro n a lo n ic  e s t e r .  Ammonia in  
e i th e r a à lo o h o l ic  o r  aqueous so lu tio n #  r e a c t s  b r id c ly  
w ith  th e  e s te r #  form ing th e  ammonium s a l t  o f  th e  
n itro m a lo n ic  e s t e r .  As t h i s  a c tio n  i s  in  c o n t r a s t  w ith  
th e  b eh av io u r o f  b ro m o n itro a c e tic  e s te r#  which i s  
gradUELlly co n v e rted  In to  brom onitroam etam ide# i t  was 
concluded  th a t  th e  bromine atom in  b rom onitrom alon ie  
e s t e r  was l in k e d  in  a s p e c ia l  way# and was, i n  fa c t#
40<
a tta c h e d  to  anoxygen atom o f  th e  n i t r o  g roup . T h is  




( I  )
(CO^R) C-NO.OBr
'.iQh'.V
( I I  )
The l a b i l e  n a tu re  o f th e  halogen atom in  th e  
0 xygen-balogen l in k in g  was assumed by analogy  / i t b  th e  
r e a o t i r e  oh lo ro -^x im es which Mo h i au claim ed to  hare  
i s o l a t e d  ( B e r . ,  1886, 280^ 1887, 1504), bu t
Ponsio su b seq u en tly  showed th a t  th e se  eu b s tan o es  d id  
n o t e x i s t  ( A tt i .R . Accad. S c i .  T o rin o .1906. 41, 415, 8#2)« 
Formula I  was p re fe r r e d  on accoun t o f  th e  decom position  
which ta k e s  p la c e  when b ro m o n itro n a lo n ic  e s t e r  i s  
h ea ted  under o rd in a ry  p re s s u re ;  n i t r o s y l  brom ide i s  
s p l i t  o f f  and me so x a lio  a c id  form ed, th u s :
0
/V
(00 RJf CJJOBr ----- CO ( CO^R) + NOBr
41,
The e v o lu tio n  o f n i t r o  sy l  bromide i n  t h e ^ v e  
décom position  seems a s tro n g  argument i n  fa v o u r o f  th e  
oxygen halogen  l in k in g ,  bu t W ialioenus and F iso b e r  
( B e r .,  I f 10, 43, 223f ), «hen exam ining th e  p r o p e r t ie s
««IP.
o f  oXbrom ophenyloyanobrom onitromethane found i t ,  l i k e  
b rom onitrom alon io  e s t e r ,  decomposed on h e a tin g , n i t r i c  
o x id e  and brom ine bein^  r a p id ly  ev o lv ed . They p r e f e r  
to  re g a rd  th e  r e a c t io n  a s  a l i b e r a t i o n  o f  n i t r i c  ox ide  
and brom ine r a th e r  th a n  a s  an e v o lu tio n  o f n i t r o  s y l  
brom ide, f o r ,  a s  l i t t l e  i s  known about n i t r o  s y l  bromide 
i n  th e  g aseo u s s t a t e ,  and a s  i t  b eg in s  to  decompose 
abou t th e  b o i l in g  p o in t ( X 2^), i t  i s  p ro b a b le  th a t
• I t -  W**-
a t  th e  te m p e ra tu re  o f  th e  r e a c t io n  m ix tu re  i t  would 
ne lo n g e r  e x i s t .
W i l l s t a t t e r  and H o tte n ro th  adduced suppoxt f o r  
t h e i r  fo rm ula  from  th e  a c t io n  o f  po tassium  io d id e  
on b ro m n itro m a lo n io  e s t e r .  Io d in e  i s  l i b e r # e d  in  
th e  p re sen ce  o f  a c id ,  and th e y  fo rm u la te  th e  r e a c t io n  




(C02^R),^C-N0Br + 2 KI
0
l \
(C02,R)2C-H0K + 1 2 + KBr
Kurt Meyer i s  o f  th e  o p in io n  t h a t  t h i s r r o a o t io n  
does no t n e c e s s i t a t e  a s t r u c tu r e  in v o lv in g  an oxygen- 
ha logen  l in k in g  { B e r ., 1914» 47» 2374). The e q u a tio n  
above p o s tu la te s  a s im i la r  s t r u c tu r e  f o r  th e  brom o- 
compound and th e  po tassium  s a lÿ ,  and t h i s  may r e a d i ly  
be t e s t e d  by an exam ination  o f  th e  a b so rp tio n  s p e c tra  
o f  th e  compounds. I t  h as been shown t h a t  n i t r o  
compounds c o n ta in in g  a t r u e  n i t r o  group show a o h a ra c te r is t i  
a b so rp tio n  o f  l ig h t#  th e  cu rv es  d is p la y in g  one o t  more 
re g io n s  o f  ra p id  e x te n s io n  o r^ k ic k s"  (H a n t sob and 
fo ig t#  B er.#  1912, g ,  8 5 ; H arper and M acbeth,
T . ,  1915, 187* 8 7 ) . N itro m alo n ic  e s t e r ,  b ro m o n itro -  
m alonic e s t e r ,  and n i t  r o i  so s u c c in ic  e s t e r  ( see  P ig , I  y 
aH  show t h i s  ty p e  o f  a b s o rp t io n , and th e r e f o r e  i t  
must be i n c lu d e d  t h a t  th e  a l t e r n a t i v e  fo rm u lae , 
in v o lv in g  an o xy gen -ha logen  l in k in g ,  f o r  b rom A trom alon ic
if ^ , : î .7
f  ' •.  ■> / % " 1- ■■ ■ ■ ^  ï  .*  ■. " J" f  - f  ' V f
43*
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e s t e r  a re  u n te n a b le . The a b so rp tio n  o f  th e  po tassium  
s a l t  i s  o f a ty p e  e n t i r e l y  d i f f e r e n t  from t h a t  o f 
th e  p a re n t su b s ta n c e , and in d ic a te s  th a t  th e  s t r u c tu r e  
has in  t h i s  case  been m odified  to  an a c i - fo rm .
C o n s t i tu t io n s  ana logous to  t h a t  proposed f o r  
b rom onitrom alonio  e s t e r  were advanced to  meet th e  
case  o f  th e  n i t r o p a r a i f f in s  c d n ta in in g  r e a c t iv e  halogen  
atom s. A brom ine, fo re ra m p le , i s  r e a d i ly  removed by 
th e  a c t io n  o f a l k a l i  from  dibrom> and ohlorobrom o- 
d i n i t  rom ethane ( L o s a n its c h , B e r ., 1882, 15, 471;
m p f-  I*»* WKM. ^
1884, 17, 843) and from  «W)romo- « u -d in itro e th a n e
U K " ' •> tn > -  m m - m t> -
{ E. t e r  Ifeer, A ^ ia le n ,  1876, 181, 1)* O th er 
exam ples o f  l a b i l i t y  a r e  found in  th e  c a se s  o f  
c b lr ro  and b ro m o -^ rin it  rom ethane, phenylbromo d i n i t  r e ­
met bane , and t e t ra n itro m e th a n e  { Macbeth and P r a t t ,  
l o c ,  o i t . ; B d i l l i e  , Ib c b e th  and Maxwell, T . ,  1930, 
117, 880)* The oxygen-halogen fo rm ula p roposed  to  





where X r e p r e s e n ts  a halogm i atom o r  n i t r o  g roup , 
d ib ro  mo d i n i t  rom ethane and t  e t  r a n i t  rom ethane, f o r  




(N O ^)^C  NO.NO^
The study  o f  th e  a b s o rp tio n  s p e c tra  i n  these 
o ase s  a ls o  f u r n is h e s  ev idence a g a in s t  th e  e x is te n c e  o f  
an 0xygenW ialogen l in k in g .
The d i f f e r e n c e  i n  b eh av io u r o f  4 -b ro m o -lf ll-  
dim et h y lcyo lohexane-3 ;S *d ione and 4 :4 -d ib ro m o - l ; l—
m m  m m  W
dim et hylo y  d o  he xane-S  ; 5-dmone tow ards h y d ra z in e , 
th e  r e a c t i v i t y  o f  th e  dibrom ide c o n tra s te d  w ith  th e  
in d i f f e r e n c e  o f  th e  monobromo compound h as  a lre a d y  
been c e m e n te d  on . When th e  a b so rp tio n  s p e c tra  
o f  th e s e  compounds a re  examined th e  d i f f e r e n c e  i s  






g iv e  strong  a e le c t i r e  absorption^ while th e  di«-halogen 
ooapounda are  weakly s e le c t  Ire* and the  o u rre s  d isp lay  
th e  *klcks« to  which re fe ren ce  has a lready  been made.
The methods o f abso rp tion  spectroscopy hare a lso  
been app lied  to  th e  question  o f  th e  c o n s t i tu tio n  
o f th e  b a r b i tu r ic  a d d s  and t h e i r  halogen d e r l r a t l r e s  » 
and the  r e s u l t s  ob ta ined  in  th e  study o f a s e r ie s  
o f f  such compounds may now be d iscussed .
Hantsseh and Thelegen as  a r e s u l t  o f de te rm ina tionsT
o f th e  e l e c t r i c  c o n d u o t l r l t le s  o f b a r b i tu r ic  ac id  In  
aqueous«-alcohollc so lu tio n s  a r r l r e d  a t the  conclusion  
th a t  th e  compound behated as a pseudo acid» but th e  
d a ta  ob ta ined  were in s u f f ic ie n t  to  enable them to  
decide between th e  a l t e r n a t l r e  form ulae se t down below :-
C(OH) Am CH
NH .00
\  ■ /CO--------- HH
( I  )
48,
,00 ~  CH
HH jz.on
00 — NH
( I I  )
F u rth e r a t te n t io n  was dero ted  to  th e  question  
by Wood and Anderson ( T## 190$, 95, 979)* B a rb itu r ie
i#**' im t-
ac id  was shown to  hare a d is s o c ia t io n  con stan t g re a te r  
th an  th a t  o f a c e t ic  ac id  and such a value would be 
exceedingly  high were th e  a c id i ty  supposed to  be due 
to  th e  hydrogen atom of th e  amino group. The a c id i ty ,  
however, can be shown to  be mainly connected w ith th e  
hydrogen atoms o f th e  methylene group, fo r  the  C -d ia lky l 
b a r b i tu r ic  a c id s  were found to  have d is s o c ia tio n  
co n s tan ts  l e s s  than  one thousandth th e  value o f the 
unsR ibstitu ted  a c id .
w
Wood examined a th i r d  a l te rn a t iv e  and d iscussed  th e  
view th a t  th e  high d is s o c ia t io n  con stan t might r e s u l t  
from an opening o f  th e  r in g  by th e  ac tio n  o f  w ater, th e  
u re id o -ao id  ( I I I  ) being  formed in  much th e  same way 
as o x a lic  ac id  i s  derived  from parabanio  a c id .
»H . 00. NH. CO. CT J. 002,Et 
( I I I  )
^  m m -
T his Tiew was shown to  be inadttissabXe» fo r  a l l  
th e  sy n th e tic  methods devised  to  g iv e  th e  u re id o -a c id  
were u n su c c e ss fu l; th e  tendency to  r ^ g  form ation  
being 30 g re a t th a t  th e  ureido  ac id  spontaneously 
passed over in to  b a rb i tu r ic  ac id  and could not be 
iso la te d *
The a b so rp tio n  sp e c tra  of a s e r ie s  o f b a rb i tu r ic  
a c id s  examined, c le a r ly  show two p o in ts  o f in te re s t*
In  th e  f i r s t  p lace  th e  c o n s ti tu tio n  of th e  a c id s  i s  .
undoubtedly proved to  be o f  th e  k e to -e n o lic  ty p e # ( I  ) 
o f  th e  a l t e r n a t iv e s  proposed by Hantssoh and ?oelegen* 
In  th e  second place# th e  evidm&ce supp lied  by a sÿudy 
o f th e  sp e c tra  com pletely ru le s  ou t th e  p o s s ib i l i ty  
o f an oxygen-halogen s t ru c tu re  f o r  th e  re a c tiv e  halogen 
d e r iv a tiv e s  o f th e  t ^ r b i tu r i c  acids# and shows th e se  
substances to  be G -dihalogen compounds o f th e  type
NH _  00
y  -  \
HH __ £
50.
The sp e c tru a  o f b a r b i tu r ic  a c id  i s  c h a ra c te r is e d  
by a reg io n  o f  s tro n g  s e le c t  i r e  ab so rp tio n  w ith  th e  
head o f a  deep band a t  1 /k  app ro x im ate ly . The 
sodium s a l t  ( b a r b i tu r i c  a c id  in  th e  p resen ce  o f  N/iO 
NaOH) shows an a b so rp tio n  p r a c t i c a l l y  id a n t io a l  w ith  
t h a t  o f  th e  a c id  i t s e l f ,  and i t  i s  th e re fo re  ev id en t 
t h a t ,  i n  aqueoud s o lu t io n ,  th e  a c id  e x i s t s  in  th e  
f u l l y  e n o lis e d  form  I .  I t  i s  to  be expected  th a t  
in  th e  p resence  o f  a s tro n g  a c id  th e  k e to -e n o l change 
w i l l  be in d u esd , and t h i s  i s  a c tu a l ly  founft to  be th e  
c a s e :  th e  a b so rp tio n  cu rv es  o f  b a r b i tu r ic  a c id  in
th e  p resen ce  o f  h y d ro c h lo r ic  a c id  do no t show th e  
m aritei s e le c t iv e  e f f e c t  c h a r a c t e r i s t i c  o f th e  e n o lic  
s t r u c tu r e ,  and th e  a c id  id  d riv e n  over in to  th e  
d ik e to n ic  form , 6.
NH  C.OH NH -----CO
CO ^ C H   ------------- 00 ^"CH,
\  /  \  /  ^ 
^  HH  CO NH  CO
A. B.
I t  was th o u g t^  off i n t e r e s t  po examine th e  











coapound i s  d e f in i t e ly  f i i e d ,  and i t  may be taken  as  
c h a r a c te r is t io  o f  th e  C -d ia lk y l ty p e .
NH —  CO
/  -  \
CO C .E t.
\  /^NH —  GO
I t s  spectrum* l ik e  th a t  o f b a rb itu r ic  a c id  in  
th e  presence o f a s trong  acid* shows no s e le c t i r e  e f f e c t  
o h a r a o t e r i ^ i c  o f th e  w o l io  form.
The ab so rp tio n  o f  th e  sp e c tra  o f th e  v a rio u s  
d ic h lo ro -  and dibrom o- ac id s  examined a re  shown in  th e  
graphs d isp lay ed  in  th e  F ig s . IT -  TI Reference to
th e se  w il l  show th a t  th e  curves are  o f th e  same type 
a s  th a t  o f barbitone* th e  s e le c tiv e  abso rp tion  
connected w ith th e  e n o lic  s tru c tu re  being a b se n t.
The p o s s ib i l i t y  o f an oxygen-halogen l in k in g  in  th ese  
compounds i s  th e re fo re  d e f in i te ly  disposed o f ,  and th e  
d ihalogen  compounds can only have th e  s tru c tu re  
a lread y  assigned  to  them.
I t  has a lread y  been poimted out th a t  hydrazine hytU 
hydrate r e a c ts  w ith th e s e  d ihalogen compounds to
55*
e lim in a te  one o f th e  halogen atoms and g ive  a hydrazine 
s a l t  o f th e  r e s u l t in g  monohalogen d e rira tiT e*  f u r th e r  
a c tio n  does no t e lim in a te  th e  second halogen atom# and 
t h i s  s t a b i l i t y  has been exp lained  on th e  grounds of 
a  change over to  the  « lo l ic  s tru c tu re  in  th e  case of 
th e  mono halogen compounds* Eridenoe In favour o f such 
a s tru c tu re  i s  re a d ily  forthcom ing from a study o f  th e  
sp ec tra  o f such substances, and in  a l l  th e  cases 
examined th e  strong  s e le c tiv e  e f f e c t  c h a ra o te ris tim  o f 
th e  en o lic  s tru c tu re  was observed* (See f i g s .  ) 
A tten tio n  may be d ire c te d  to  ano ther p o in t which 
came to  l i g h t  in  th e  course o f th e  wdrk* No marked band 
levelopment has been observed in  th e  sp ec tra  o f th e  
d ihalogen  compounds on th e  ad d itio n  of sodium hydroxide 
to  th e  so lu tio n s*  I t  must th e re fo re  be in fe r re d  tha t#  
a t  th e  d i lu t io n s  employed# t h i s  reagen t does not re a c t 
w ith th e  l a b i l e  halogen atom# except perhaps in  th e  
case o f 1-pheny ld ib rom obarb itu ric  ac id  ( f i g .  ) where 
th e re  i s  some in d ic a tio n  o f the  form ation o f th e  en o lie  . 
s a lt*
54.
The f a c t s  recorded above hold good a lso  in  th e  
case o f th e  th io b a rb i tu r ic  ac id s  examined* th e  only 
a d d it io n a l  fe a tu re  to  which mention may be made being 
th e  s in g u la r  p e rs is te n c e  o f th e  w o l i e  s tru c tu re  
o f  th io b a r b i tu r ic  in  th e  presence o f strong  a c id s .
I t  i s  w ell known th a t  e th y l a c e to ao e ta te  anfi i t s  
0- e th e r s  show no r e s u l t  o f  s e le c tiv e  ab so rp tio n  in  
t h e i r  sp e c tra , but th e  m e ta ll ic  d e r iv a tiv e s  a re  
c h a ra c te r is e d  by a deep band ( Baly and Besch, T .,
1904, 85, 1099; 1905, 8J ,  766). On th e  o th e r  hand, 
th e  e n o lic  forms o f  Itl-d im e th y lcy c lo h ex an e - and 
cyo lohexanemmijpmmmËÊabexane-rSiS-diones and t h e i r  momo- 
halogen d e r iv a tiv e s  a re  c h a ra c te r ise d  by a s trong  
s e le c t iv e  ab so rp tio n  o f t h e i r  re sp e c tiv e  sodium s a l t s .  
Hantssch ( Ber*, 1910, 3049) made ^ e x te n d e d  study
o f th e  ab so rp tio n  sp e c tra  o f  e th y l a c e to ao e ta te  and 
i t s  d e r iv a tiv e s ,  and concluded th a t  the  band developed i n  
th e  presence o f  a lk a l i  rep resen ted  th e  ab so rp tio n  o f th e  
sodium deJrlva tive . To d i f f e r e b t ia te  between th e  
s tru c tu re  o f t h i s  compound aJbd th e  e n o lic  form of th e  








sodiuB d e r iv a t iv e ,  and su g g est ed t h a t  an i n t e r n a l  s a l t  
was formed by th e  c a l l in g  in to  p la y  o f an a u x i l l i a r y  
v a lw o y  o f  th e  m e ta l l ic  atom . I f  i t  i s  to  be assumed 
t h a t  th e  sodium h as  an a u x i l l i a r y  v a len c y , i t  would 
seem i l l o g i c a l  to  re fu s e  oneeto  th e  hydrogw  atom : and
Hamtesches assum ption  in  i t s e l f  does n o t accoun t f o r  th e  
d i f f e r w c e  between th e  s p e c tr a  o f  th e  e n o l ic  form o f 
e th y l  a c e to a o e ta te  and th e  sodium d e r iv a t iv e .  I t  has 
been p o in te d  ou t ( B rannigan , h^cbeth  and S tew art,
T . ,  I f  IS , 103, 406) t h a t  a d i s t in c t io n  between th e  
form s may be drawn i f  c o n s id e ra t io n  i s  to  be g iven  to  
th e  co n cep tio n  o f  va lency  proposed by Gebbard ( J .  o r . 
Chem. . I f  11, ( i i  ), 561)* According to  t h i s  view ,
s in ce  th e r e  i d  v e ry  s l ig h t  i o n i s a t io n  in  th e  e n o lic  form 
o f  e th y l  a c e to a o e ta te ,  we a re  e n t i t l e d  to  assume th a t  
th e  un ion  between th e  hydrogen and oxygen atoms o f  th e  
hydroxyl group i s  a  s tro n g  one and th e re  i s  no
56.
development o f  an «ionieed* ra le n o y : in  th e  eaae o f
th e  sodium sa it»  «hioh i s  much more re a d i ly  d is s o c iâ t  ed, 
i t  i s  assumed th a t  th e  union i s  weaker and th a t  th e  
s tu x ilia ry  o r  io n ise d  valenoy re q u ired  by Hantssoh*s 
from ula i s  developed*
The d io n es  r e fe r r e d  to  a re  known to  e x is t  in  th e  
e n o lic  form and behave a s  monobasic a c id s , form ing 
n e u tr a l  sodium s a l ts *  The hydrogen o f th e  hydroxyl 
group i s  th e re fo re  capab le  o f  pronounced io n is a t io n ,  
and 30 may develop an*ionised»valency  in  th e  same way 
as th e  sodium atom: no d if fe re n c e  i s  th e re fo re  to  be
m*
expected  in  th e  s p e c tra  o f  th e  p a ren t compound and i t s  
sodium s a lt*  I t  i s  in te r e s t in g  to  note t h a t  th e  
sRibstances now d iscu ssed  f a l l  in to  l i n e  w ith  th o se  
g i th e r to  examined i n  which strong  s e le c t iv e  a c tio n  i s  
no ted , f o r  th e  same ty p e  o f aix-membered r in g  may be 











Sodium leriratiT e of ethyl ace to ao e ta te*
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Sodium d e r iv a tiv e  o f  m alonic e s te r*
The p resence o f  t h i s  r in g  system in  b a r b i tu r ie  
a c id s  amd t h e i r  s a l t s  i s  seen in  th e  form ula below
50.
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B a rb itu rio  ac id  and I t s  s a l t s ,  
and I t  w il l  be ev id en t th a t  a fo rsu la  to  embryo# such 
a system cannot be w r it te n  fo r  b arb ito n e  o r  o th e r  
({«-dialkyl compounds, o r  th e  d ihalogen  d e r iv a tiv e s  
o f th e  b a rb itu r io  a o id s . I t  i s  notew orthy th a t  in  such 
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E th y l  m o a o o h lo ro a c e ta te * N i t r e a c e t i c  e s t e r  w as p re p a re d  
by th e  m ethod o f  B o u re a u lt  and Wahl ( S k ill. Soo. C hlm ., 
1904# jil#  851)* Dry ammonia g a s  was p a s s e d  in t o  an 
e t h e r e a l  s o lu t io n  o f  th e  e s te r #  and th e  amaonium s a l t  so 
o b ta in e d  was c h lo r in a te d  a s  d e s c r ib e d  below .
The b e s t  y i e l d  o f  th e  c h lo ro  e s t e r  was o b ta in e d  
by p a s s in g  a slow  s trea m  o f  c h lo r in e  i n to  an aq u eo u s 
s o lu t io n  o f  th e  ammonium s a l t .  I n  th e  c o u rs e  o f  an 
houtr th e  c h lo ro  e s t e r  s e p a r a te d  a s  a heavy y e llo w  o i l ,  
w hich was e x t r a c t e d  w ith  e t h e r .  A f te r  w ash ing  t h e  
e x t r a c t  w ith  a  d i l u t e  s o l u t io n  o f  sodium  th io s u lp h a te #  
and th e n  w ater#  i t  was d r i e d  o v e r  anhyd rous sodium  
s u lp h a te #  and# a f t e r  rem oval o f  th e  so lv e n t#  th e  o i l  
was d i s t i l l e d  u n d e r  re d u c e d  p r e s s u r e .  E th y l m ono- 
Ohio ra c e  t  a t e  c o l l e c t e d  a s  a main f r a c t i o n  b .p .  77^8 mm., 
1 .4412*
( Pound C l »
C^H^O^NCl r e q u i r e s  C l »  21 .2 jf )
The e s t e r  was p r a c t i c a l l y  u n a c te d
67.
upon by h y d ra s ln e  h y d ra te »  t r a c e s  o n ly  o f  n i t r o g e n  
b e in g  l i b e r a t e d  a f t e r  upw ards o f  h a l f  an  h o u r .
Ammonium s a l t  o f  e th y l  a o n o c h lo r o n i t r o a c e ta te  i s  p re p a re d  
by th e  a c t io n  o f  d ry  ammonia g a s  on an e t h e r e a l  s o lu t io n ^  
o f  th e  c h lo ro  e s t e r .  At f i r s t  i t  s e p a ra te d  a s  a 
w h ite  f l a k e y  so lid »  b u t g r a d u a l ly  changes t o  a compaot 
y e llo w  p r e c i p i t a t e .  The s a l t  i s  f a i r l t  s t a b l e  b u t  
re d d e n s  somewhat on e x p o su re  to  a i r .  I t  c r y s t a l l i s e s  
i n  lo n g  w h ite  n e e d le d  from  a lc o h o l»  m .p .»  114 115^.
"4m.'
C r y s t a l l i s a t i o n  p r e s e t s  a  c u r io u s  ap p earan ce  u n d e r  
th e  m ic ro sc o p e ; i n  th e  t h i c k e r  p a r t s  a  m osaic  s t r u c tu r e  
form s» w ith  p e c u l i a r  i n t e r f e r e n c e  i n  g ro w th ; i n  o th e r  
p a r t s  r o s e t t e s  fo rm .
i
( Pound Cli a  19.25f;
C^H^O^N^Cl r e q u i r e s  d  = 19.33^?).
E th y l d i c h l o r o n i t r o a c e t a t e  was p rep a red ^ b y  p a s s in g  
a slow  s tre a m  o f  c h lo r in e  i n t o  th e  ammonium s a l t  o f  
th e  mono c h lo ro  e s t e r .  The d i  c h lo ro  e s t e r  g ra d u a l ly  
se p a ra te d »  and was t r e a t e d  a s  d e s c r ib e d  i n  th e  c a se  o f
68.
the mono Ohio ro  compound. I t  has b .p .  72  VB m a .,
Hp 1 .4 4 3 0 .
( fo u n d  Cl a  35.15)(
C^H^O^Nd r e q u i r e s  d  » 35.15j{)
As i n  th e  c a s e  o f  th e  m onochloro e s t e r  th e r e  i s  
p r a c t i c a l l y  no r e a c t io n  w ith  h y d ra z in e  h y d ra te .
E th y l b r o a o n i t r o a c e ta te  The ammonium s a l t  <ff n i t r o -  
a c e t i c  e s t e r  i s  b e a t  b ro a in a te d  by g ra d u a l a d d i t io n ,  
w ith  o o casio m al sh ak in g , o f  th e  s a l t  to  a s o lu t io n  o f  
th e  c a lc u la te d  q u a n t i ty  o f  b rom ine, ( 1 m o l . ) , i n  carbon  
d is u lp h id e .  W ater i s  added  to  d is s o lv e  th e  p r e c i p i t a t e d  
auBmonium brom ide and th e  ca rb o n  d i  s u lp h id e  i s  t h e r e a f t e r  
s u c c e s s iv e ly  washed w ith  a  s o lu t io n  o f  d i l u t e  d o d iu a  
th io s u lp h a te  and  th e n  w ith  w a te r . A f te r  d ry in g  and 
th e  rem oval o f  th e  s d lv e b t ,  th e  r e s id u a l  o i l  i s  d i s t i l l e d  
u n d e r red u ced  p re s s É re ,  when th e  bromo e s t e r  c o l l e c t s  
a s  a  main f r a c t i o n ,  b .p .  1 0 5 ^/lO  mm., n^ 1 .4798 .
( found  Br =8 3 7 .8 ^ ;
ONBr r e q u i r e s  37 . 74# B r . )
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The e s t e r  r e a c t s  r e a d i ly  w ith  h y d ra z in e  hydra te*  
n i t r o g e n  b e in g  l i b e r a t e d  and th e  h a lo g en  atom removed 
by re d u c tio n *  2*12 Grams o f  th e  bromo e s t e r  were
d is s o lv e d  i n  25 c»o* o f  a lco h o l»  and 5 o*c* o f  t h i s
— **-
s o lu t io n  l i b e r a t e d  12*2 o .o .  a t  mm.»
which c o r re sp o n d s  w ith  com plete re d u c t io n  o f  th e  
b r o m o ^ s te r .
Aw m ittm  s a l t  o f  e th y l  b ro m o n itro a c e ta te . T h is  was 
p re p a re d  i n  th e  p re c e d in g  c a se s , and c r y s t a l l i s e s  from 
a lc o h o l  in  lo n g  c o lo u r le s s  need les»  m .p.» 134 w ith  
d eco m p o sitio n .
( Found ^ 3» 7 .6 7 # ;
C^H^O^N Br r e q u i r e s  7 .8 3 # .)
E th y l d ib ro m o n itro a c e ta te  was p re p a re d  from  th e  above 
ammonium s a l t  by b ro m in a tio n  i n  oarbob d i  su lp h id e  
s o lu t io n  a s  p re v io u s ly  d e s c r ib e d . I t  i s  a c h lo u r le a s  
l i q u i d ,  b .p .»  9 7 .4  7 6  mm.» n^ 1 .4 9 8 5 .
{ Found Br = 5 4 .8 4 # ;
25»
r . q u t r e s  Br »  5 4 .9 3 # . )
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The e s t e r  r e a c t s  r ig o ro u s ly  w ith  nydrasdane 
h y d ra te .  1.455 Grams were d is so lv e d  in  25 CA. o f  
a lco h o l»  and 5 c . c .  o f  th e  s o lu t io n  l i b e r a t e d  13 c . c .
warn
N a t  1 4 .5 ^ /7 4 7  mm.» which co rre sp o n d s  w ith  100 p e r
«*- .
c e n t ,  o f  th e  dibrom o e s t e r .  5 - 5  C .c . o f  th e  g as  
were l i b e r a t e d  a lm ost im m ed ia te ly  th e  r e s id u a l  rolum e 
c o l l e c t i n g  in  ab o u t 5 m in u te s .
E th y l Ohioro b ro m o n itro a o e ta te  was p re p a red  by th e  
b rom ination»  i n  ca rbob  d is u lp h id e  so lu tio n »  o f  th e  
ammonium s a l t  o f  e th y l  c h lo r o n i t r o a c e ta te .  The e s t e r  
i s  a c o lo u r le s s  o i l»  b . p . ,  89^/11 mm.» n^ 1 .4 6 6 3 .
( 0 ,1572  Gram o f  th e  e s t e r  g a re  0.212 gram o f  s i l r e r  
h a l i d e s :  C^H^O^NClBr r e q u i r e s  0 .218  gram s i l r e r  s a l t s )
The e s t e r  r e a c t s  w ith  h y d raz in e  h y d ra te ,  th e  
re d u c tio n  rem oring  on ly  th e  bromine atom . 1.123%
Grams were d i s s o l r e d  i n  25 c . c .  o f  a lco h o l»  aM 5 c . c .  
o f  t h i s  s o lu t io n  l i b e r a t e d  9 .6  c . c .  a t  Id^'/TdG aaa., 
which co rre sp o n d s  w ith  abou t 83 p e r  c e n t ,  rem oral o f 
th e  brom ine atom .
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KITROPROPIOHIC SERIES.
The ammonium s a l t  o f  e th y l  n i t r o p ro p io n è te  
p re p a re d  by th e  a c tio n  o f  a lc o h o l ic  amaomia on e th y l  
n i t r o i s o s u c c in a te .  Some d i f f i c u l t y  wag e x p e rie n c e d  
t a  f i r s t  in  o b ta in in ^ ; a good y ie ld  o f  e th y l  n i t r o i s o -  
s u c c in a te  by S te in k o p f and 3upân*s method ( B e r . ,  1910, 
3245) b u t t h i s  was p ro b a b ly  due to  im p e rfe c t 
cdecom position  o f  th e  a c e t i c  ao h y d rid e  in  th e  l a t t e r  
s ta g e s^  and in  subsequen t ex p e rim e n ts  th e  m ix tu re , a f t e r  
th e  r e a c t io n ,  was ohaken by m echan ica l means f o r  
upw ards o f  an hour w ith  two l i t r e s  o f  co ld  w a te r .
A ttem pts to  p re p a re  e th y l  n i t r o p r o p io n a te  by d i r e c t  
n i t r a t i o n  o f  e th y l  m e th y la c e to a c e ta te  i n  a c e t i c  
an h y d rid e  g a re  re ry lo w  y i e ld s  o f  th e  e s t e r ,  and th e  
fo re g o in g  method i s  p r e f e r a b le .
E th y l (K-chip r o a i t r o p r o r  io n  a te  was o b ta in e d  in  good 
y ie ld  by p a s s in g  a s tream  o f  c h lo r in e  in to  an aqueous 
s o lu t io n  o f  th e  ammonium s a l t  o f  th e  n i t r o  e s t e r .
A fte r  about t h i r t y  m in u tes  th e  ammonium s a l t  was m ostly  
c o n re r te d  in to  th e  c h lo ro  compound which s e p a ra te d  a s
72.
a p a le  g reen  o i l*  A f te r  th e  u su a l tre a tm e n t th e  e s t e r  
was o b ta in e d  a s  a  o o lo u rle sg o & $ l, b . p . ,  8 0 ^ 9  mm., 
1 .4301 .
( Pound Cl «S 19. W ;
C^ K^ O^ NCCL r e q u ir e s  Cl « 1 9 .5 5 ^ . )
The e s t e r  was p r a c t i c a l l y  u n a c te d  upon bybbydrazlne  
h y d ra te , o n ly  a em ail volume o f  n i t ro g e n  be ing  l i b e r a t e d  
a t  la b o r a to r y  te m p e ra tu re s .
E th y l gc-broaonit ro p ro p io n a te  was p re p a re d  by trom inaÿ ion
laer-
o f th e  ammonium s a l t  o f  th e  n i t r o  e s t e r  by a p r e c is e ly  
s im i la r  m ethod to  th o s e  a lre a d y  d e s c r ib e d . The e s t e r  
i s  a  c l e a r  , c o lo u r l e s s  l i q u i d ,  b . p . , 38^/20  mm.,
Up 1 .4536 .
( Pound Br = 3 5 .4 ^ ;
r e q u i r e s  Br = 35. 6#$ )
The e s tre r  r e a c t s  v ig o ro u s ly  w ith  hydrazim e h y d ra te  
a t  o rd in a ry  te m p e ra tu re s ,  th e  t o t a l  ro lu a»  o f  n i tro g e n  
be in g  l i b e r a t e d  in  abou t t h i r t y  seco n d s. 1 .130  Grams 
o f  th e  e s t e r  were d is s o lv e d  in  25 c . c .  o f  a lc o h o l ,  
and 5 c . c .  o f  t h i s  s o lu t io n  l i b e r a t e d  11,8 c . c .  N
75*
a t  16^/764 mm,, which c o rre sp o n d s  w ith  th e  com plete  
rem oral o f th e  h ^ o g e n  atom .
H ydraside o f  e th y l  n i t r o p r o p io o a te . D uring th e  h y d ra z ta e  
r e a c t io n s  d e s c r ib e d  above a  w h ite  s o l id  c o l le c te d  in  
th e  r e a c t io n  v e s s e l .  T h is  su b s ta n c e , when c r y s t a l l i s e d  
from  a lc o h o l ,  was o b ta in e d  a s  a  lo n g , w h ite , s i lk y  
n e e d le s ,  m .p ,, 130*', The compound proved  to  be th e  
hydra a ide  o f  e th y l  n i t r o  p ro p io n a te ,
( Found N a  23,75Cj
r e q u i r e s  N = 23.465^. )
The method d e sc r ib e d  by R im ini ( A t t i ,  R, Aocad, 
L in c e i ,  1906, ( v ), 15, I I ,  320) f o r  th e  e s t  im in a tio n  
o f  hydra s in e  i n  a  h y d raz in e  s a l t  was m o d ified  f o r  u se  
in  a van Slyke n itro m e te r*  A weighed q u a n t i ty  o f  th e  
h y d raz id e  was washed in to  th e  r e a c t io n  b u lb  w ith  w a te r, 
and a m easured volume o f  p o ta ss iu m  io d a te  added. On 
a d d i t io n  o f  a known volume o f  p o tass iu m  hydro r id e  a  
v ig o ro u s  r e a c t io n  w ith  th e  l i b e r a t i o n  o f  n i t ro g e n  
o c c u rs .
{ Found = 17 .
r e q u i r e s  NH^.NH^ = 17,87% )
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NITROBaTYRIC SERIES.
Bkhyl A m c h lo ro n ltro b u ty ra te . E th y l n i t r o b u ty r a te
«UK-
p re p a re d  from  e th y l  e th y la o e to a c e ta te  by th e  method 
d e s c r ib e d  by Schm idt and Widman { B e r .,  1909, 42, 1895).
The c h lo r o n i t r o  e s t e r  v as  o b ta in e d  in  a geod
y ie ld  by th e  c h lo r in a t io n  o f  a f r e s h ly  p re p a re d  
ammpnium s a l t  o f  th e  n i t r o  e s t e r .  I t  i s  a  c o lo u r le s s  
o i à ,  b .p .  77 -  79 7 6  mm., 1.4358*
.-«p- **
( Found C Cl s  18.08JÉ;
r e q u i r e s  (R. = 18. 165^ . )
As in  th e  c a se  o f  th e  o th e r  ch lo ro  compounds
th e  re d u c tio n  o f  th e  e s t e r  by h y d raz in e  h y d ra te  i s
n e g l i g ib le .
E th y l < K -brom on itrobu ty ra te . was p re p a re d  by th e  
b ro m in a tio n  o f  th e  ammonium s a l t  o f  th e  n i t r o  e s t e r  
i n  carbon  d i  s u lp h id e . I t  h a s  b .p .  83 -  8 4 '’/9  mm.,
n^ Î .4 9 9 0 .
( Found Br « 33. 1)f;
C^H,^O^NBr r e q u i r e s  Br =» 33. 3^ . )
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The e s t e r  r e a o ta  T ig o ro u a ly  w ith  h y d raz in e  h y d ra te , 
th e  re d u c t io n  b e in g  com plete i n  t h i r t y  seconds» 5 C.c# 
o f  an a lc o h o l ic  s o lu t io n  c o n ta in in g  1.2  gram s o f  th e  
b ro m o n itro  e s t e r  i n  35 c .c»  o f  a lc o h o l l i b e r a t e d  
1 1 ,6  0 .C» a t  16*’/767 mm», which c o rre sp o n d s  w ith  
th e  com plete  rem oval o f  th e  halogen  atom»
TETRABROlfOMETHANE»
T e t r a bromomethane was p re p a re d  by P o n z io 's  method 
{ A tti*  R. Aocad# S o i. T o rin o , 1906, 41, 415). In  
a lc o h o l ic  s o lu t io n  i t  r e a c t s  v ig o ro u s ly  w ith  50 p e r  
cen t»  h y d ra z in e  h y d ra te , one brom ine atom b e in g  removed 
and th e  o o rre sp e n d in g  volume o f  n i t ro g e n  l ib e r a te d »  
0 .3305  Gram o f  t e t  rabromomet hane l i b e r a t e d  11,3  c . c .  o f  
n i t r o g e n  a t  1 4 ,5  ^/75%mm., which co rre sp o n d s  to  a 
96  p e r  c e n t r e d u c t io n .
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THE HALOGENATION OP ACETYLSaOCINIC EHTER.
E th y l  gciefcJLoraeetyXsuccinate. E th y l a c e ty l  su » in a te  
was p re p a re d  by th e  a d d it io n  o f  a s l i g h t  e x c e s s  o f 
e th y l  o h lo r a o e ta te  to  th e  dry  sodium s a l t  o f  e th y l  
a c e to a c e ta te  suspended in  benaene. I t  was o b ta in e d  
in  good y ie ld  a s  am o i l ,  b # p ., 139 V l2 mm. 15 Grams o f  
su lp h u ry l  c h lo r id e  were g ra d u a l ly  added to  22 grams o f  th e  
e s t e r ,  a  b r i s k  r e a c t io n  ta k in g  p la c e  a f t e r  each  a d d i t io n  
o f  th e  r e a g w t ,  hydrogen c h lo r id e  and s u lp h u r  d io x id e  
b e in g  e r o l r e d .  A fte r  a l l  th e  c h lo r id e  had been added 
th e  m ix tu re  was h ea te d  on a  w a te r  b a th  o f  upw ards o f  
h a l f  an hour to  com plete th e  r e a c t io n .  E th e r  was added 
and th e  s o lu t io n  th o ro u g h ly  washed w ith  h a t e r ,  d r ie d  
w ith  anhydrous sodium s u lp h a te  and, a f t e r  rem oval o f  
th e  s o lv e n t ,  d i s t i l l e d .  E th y l - .c h lo r a c e ty ls u c c in a te  
was o b ta in e d  a s  a  c o lo u r le s s  o i l ,  b .p . ,  140*’-•142 /12  mm.
1 .4 4 2 0 .
( Pound Cl » 1 3 ,6 8 ^ ;
C,^H^-0^S1 r e q u i r e s  Cl = 1 3 .7 7 ^ . )
A s o lu t io n  o f  2.505 gram s o f  th e  c h lo ro  e s t e r  
in  25 c . c .  o f  a lc o h o l  was p re p a re d , and 5 c . c .  o f  t h i s
77.
s o lu t io n  l i b e r a t e d  22 .5  c . c .  o f  n i t ro g e n  a t  1 2 .5 ^ /7 5 4  
mm., on tre a tm e n t  e i t h  h y d ra z in e  h y d ra te  ( 50 p e r  c e n t ,  
s o lu t io n ) ,  i n  a van Slyke n i t r o m e te r .  T h is  co rre sp o n d s
mm-
w ith  9 5 .7  p e r  c e n t o f  th e  (X-ohloro e s t e r .
E th y l  3*4iethyl*4M >yraaolone«>4^cetate 5 Grams o f  
th e  c h lo ro  e s t e r  were d is s o lv e d  in  10 c . c .  o f  a&oohol 
and a s l i g h t  e x c e ss  o f  hydrasdne h y d ra te  ( 50 p e r  c e n t ,  
s o lu t io n  )a d je d . N itro g en  was s t e a d i ly  ev o lv ed  and th e  
r e a c t io n  m ix tu re  warmed up . On c o o lin g  a mass o f  sm all 
g l i s t e n in g  c r y s t a l s  s e p a ra te  o u t ,  and a f t e r  f i l t r a t i o n  
h t  th e  pump th e  p ro d u c t i s  tw ic e  r e c r y s t a l l i s e d  from 
w a te r . The p y ra zo lo n e  i s  th u s  o b ta in e d  a s  f in e  s i lv e r y  
lam in ae  which a p p e a r a s  r e e th n g u la r  f a b le s  u n d er th e  
m icro sco p e , m .p. 1 6 6 (  Compare ( k i r t iu s ,  J .  p r .  Chem. 
1894, ( i i ) ,  50 , 5 0 8 .)
E th y l /  m oarbethoxy- Y  -bem m enea#^  -4 )en ten o a te . { VI )
10 Grams o f  th e  c h lo ro  e s t e r  were d is s o lv e d  in  an 
e q u a l w eight o f  a lc o h o l ,  and an ex c ess  o f  phenylhydrazim e 
added . The m ix tu re  was warmed to  s t a r t  th e  r e a c t io n  andUi 
th e  c o lo u r  o f  th e  s o lu t io n  g ra d u a l ly  d a rk en s  to  a
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deep o range  re d , c o n s id e ra b le  h e a t  be ing  developed#
On s ta n d in g  th e  m ix tu re  s o l i d i f i e s  to  a  o r j s t a l l i n e  
m ass, and a f t e r  draw ing o f f  th e  so lv e n t a t  th e  pump, 
th e  m ix tu re  i s  w e ll washed w ith  d i l u t e  s p i t i t ,  and 
r e o r y s ta l le g e d  s e v e ra l  tim e s  from  90 p e r  cen t*  
a lo o h o l#  The compound c r y s t a l l i s e s  i n  v e ry  fin e , 
lem o n -y e llo w , r e c ta n g u la r  n e e d le s ,  m .p. 188^*
Ho f u r t h e r  r e a c t io n  ta k e s  p la c e  when th e  compound 
i s  re f lu x e d  i n  a lc o h o l ic  s o lu t io n  w ith  an e x c e s s  o f  
p h e n y lh y d ra z in e , th e  o r i g i n a l  su b s tan ce  b e in g  reoovemdd 
a f t e r  th e  tre a tm e n t*
r
{ Pound ?  »  63Î2JJ; H = 6 .3 7 # ; N = 9 .4 # :  
r e q u i r e s  C = 6 3 ,1 8 # ;
H = 6 .5 8 # ; N = 9 .? ! # .  )
S Grams o f  th e  e s t e r  ( PI ) were re f lu x e d  f o r  
upw ards o f  two h o u rs  w ith  100 c . c .  o f  S p e r  c e n t ,  
p o ta ss iu m  hydrox ide ( a lc o h o l ic  s o lu t io n  ). A fte r
MS' «kî*
th e  a d d i t io n  o f  w a te r  and th e  rem oval o f  th e  a lc o h o l 
u n d e r  reduced  p r e s s u r e ,  th e  m ix tu re  was a c id i f i e d  w ith
79.
h y d ro o h lo r io  ac id*  The ro lu a in o u s  o range red  
p r e c ip i t à t e »  and w ell washed a t  th e  pump* I t  i s  
in s o lu b le  i n  w a te r , and s o lu b le  in  o rg a n ic  s o lv e n ts ,  
b u t r e o r y s t a l l i s a t i o n  proved to  be very  d i f f i c u l t *  I t  
was p u r i f i e d  by d is s o lv in g  in  a l k a l i  and r e p r e c i p i t a t i n g  
w ith  ac id*  I t  d r i e s  in  a d e s s ic a to r  to  an orange 
y e llo w  s o l i d ,  which m e lts  w ith  decom position  a t  164 -  165 
a f t e r  p re v io u s  d ark en in g  a t  140 *^ A c a rb e th o x y l group 
a p p e a rs  to  be removed d u tin g  h y d ro ly s is  g iv in g  th e  a c id  
{ V III  )*
{ Found C a  6 4 .0 ^ ; H « 5*3^; N m l5*43jC;
r e q u ir e s  C » 64.75C; H = 5 .88^J 
N »  1 5 .7 S i . )
.* -b t9* a o t T l 8u c c ln a t*  2^.6  G rass  ofèfchyl 
a c e t y l a ie c in a ÿ e  a r e  d is s o lv e d  in  100 c . c .  N/L aqueous 
pojras dum hydvoxide s o lu t io n ,  and th e  co o led  s o lu t io n  
i s  t r e a t e d  w ith  150 o*o. o f  m ethyl a lc o h o l u n t i l  th e  
c o lo u r  o f  th e  brom ine i s  no lo n g e r  d ischarged*  The 
r e a c t io n  m ix tu re  i s  d i lu te d  w ith  w a te r, th e  p r e c ip i t a t e d  
o i l  e x t r a c te d  w ith  e th e r ,  and th e  e th e r e a l  e x t r a c t
80<
washed w ith  w a te r o o n ta in ln g  a l i t t l e  sodium th io  su lp h a te  
A f te r  d ry in g  w ith  sodium s u lp h a te , th e  so lv e n t i s  
removed and th e  r e s id u a l  o i l  d i s t i l l e d  u n d e r reduced  
p r e s s u r e .  E th y l ^<»brom acetylsuccinate p a s s e s  o v e r in  
a  main f r a c t i o n ,  b .p .  144 -  1 4 6 ViO 1 .4 6 6 0 .
5 C .c . o f  an a lc o h o l ic  s o lu t io n ,  c o iita in in g  2*95 grams 
o f  th e  bromo e s t e r  in  25 c . c .  a lc o h o l, o n trea tm en t 
w ith  h y d ra z in e  h y d ra te  l i b e r a t e d  19 c . c .  nitrqgpn a t  
13V 738  mm. T h is  co rre sp o n d s  w ith  51î^ o f  th e  (i-bromo estrer 
The bromo compound r e a c t s  w ith  p h w y lh y d ra z ih e  b u t 
none o f  th e  p ro d u c t o b ta in e d  in  th e  case  o f  th e  ch lo ro  
e a t e r  co u ld  be i s o l a t e d .  Heat i s  developed  and th e  
r e a c t io n  m ix tu re  deepens to  a  deep o ra n g e -re d :  re d u c tio n
seems to  o c c u r  f o r  n i t r o g e n  i s  ev o lv ed , and on c o o lin g  
th e  m ix tu re  s o l i d i f i e s  to  c r y s t a l l i n e  m ass. On 
f i l t e r i n g ,  w ashing w ith  a lc o h o l ,  and c r y s t a l l i s i n g  from  
th e  same s o lv e n t , th e  s o l id  i s  found to  be p h en y lh y d raz in e  
hydro b rom ide. In  one experim en t a  am all aAount o f  
th e  pheny lbyd ra  zone o f  a c e t  y l a i  co in  a t e ,  m .p. 88^, was 
i s o l a t e d  ( Huhemann, l o o . c i t . )
81,
lA m m W Ê ty l a u o o lg # ,  ( a  ) . 15 dram s o f
_ -«y- * S*T*-
e th y l  a o e ty la u c c in a ta  ^ e re  p laced  i n  a a a a l l  D resohel 
b u b b le r  Ixamersed on i c e ,  and ap p ro x im ate ly  th e  
c a lc u la te d  q u a n ti ty  o f brom ine iras in tro d u c e d  by draw ing 
a c u r re n t  o f  a i r  th ro u g h  th e  brom ine, c o n ta in e d  in  a n o th e r  
b u b b le r , by means o f  th e  pump. The crude bromo e s t e r  
was washed re p e a te d ly  w ith  w a te r c o n ta in in g  a sm all 
q u a n t i ty  o f  sodium t h io a i lp h a t e ,  and a f t e r  f i n a l  w ashings 
w ith  v ra te r, th e  o i l  ?as  ta k e n  up in  e th e r .  The 
e th e r e a l  e x t r a c t  was d r ie d  w ith  sodium s u lp h a te  and, 
a f t e r  rem oval o f th e  s o lv e n t ,  2 .95 grams o f th e  r e s id u a l  
o i l  78re  d is s o lv e d  in  25 c . c .  o f  a lc o h o l .  5 C .c . o f  
t h i s  s o lu t io n  l i b e r a t e d  6 .3  o#c. n i t ro g e n  a t  21^/751 mm., 
which co rre sp o n d s  w ith  an o(-bromo e s t e r  c o n te n t o f
25 .9  p e r  c e n t .  The e s t e r  decomposes on a ttem p ted  
d i s t i l l a t i o n .
( b ) . Bromine ( 3 m ois. ) when added to  a 
C hloroform  s o lu t io n  o f  e th y l  a c e ty l  s u c c in a te  i s  r e a d i ly  
ta k e n  u p , and a f t e r  w ashing th e  p ro d u c t a s  d e sc r ib e d  
i n  th e  p re ced in g  p r e p a ra t io n ,  th e  s o lu t io n  was d r ie d  
and th e  so lv e n t removed u n d e r d im in ish ed  p re s s u r e .
82.
The p ro d u c t o x id i s e s  h y d raz in e  on ly  to  a  s l i g h t  ex ten t#  
and so c o n s i s t s  m ain ly  o f  th e  ï-brom o e s t e r .
f th T l  ch lo ro  m it ro m a lo n a te . A stream  o f  c h lo r in e
was p assed  In to  an aqueous s o lu t io n  o f th e  po tassium  
s a l t  o f  n ltro m a lo n io  e s t e r  ( Wahl# Compt. re n d . # 1901# 
132» 1052)# and th e  o i l  which s e p a ra te d  was e x tr a c te d  
w ith  e th e r .  A f te r  washing s u o c e s s lre ly  w ith  d i l u te  
sodium th io s u lp h a te  s o lu t io n  and water# th e  e x t r a c t  
was d ried #  and# a f t e r  rem oral o f  th e  so lv en t#  e th y l  
ch lsm o n ltro m a lo n a te  was d i s t i l l e d  a t  127 V8 mm.
( Pound Cl * 1 4 .65É;
C^H^O^NCl r e q u ir e s  Cl « 1 4 ,8 ^ .
% fdxezlde o f  e ttg^l o h lo ro n o tro m a lo n a te . When hydrazlnae 
h y d ra te  ( 50 p e r  c e n t ,  s o lu t io n )  I s  added to  an 
a lc o h o l ic  s o lu t io n  o f  e th y l  chloron& trom alonate#  
th e r e  I s  p r a c t i c a l l y  no e v o lu tio n  o f  gas# bu t th e  
m ix tu re  warms up# and soon becomes f i l l e d  w ith  a mass 
o f  l i g h t  ye llow  c r y s t a l s .  On r e o r y s t a l l i s a t i o n  from 
a b s o lu te  a lco h o l#  th e  hyd ra  s id e  I s  o b ta in e d  a s  a
83.
w hite  so lid »  m .p . 120^» id d ch  i s  seen u n d e r th e  
m icroscope a s  lo n g  la th - M k e  c r y s ta ls »  g ro u p in g  
to g e th e r  t o  form s t a r r y  a g g re g a te s .
{ Found N = d  = 1 7 .9 # ; NH^  » 16 .15#
r e q u i r e s  N = 21 ,37# ;
Cl = 17 .9 2 # ; » 1 6 .0 4 # .)
k ^ n i tm .  s a l t  o f  . t i c r l  o h lo r o n l t r p a a o n a te .
When a lc o h o l ic  ammonia i s  added to  d ie th y l  o h lo ro n i t ro — 
n a lo n a te  th e  m ix tu re  t u r n s  yellow » and soon changes 
to  a c r y s t a l l i n e  m ass. On r e o r y s t a l l i s a t i o n  from 
90 p e r  c e n t ,  a lc o h o l th e  s a l t  s e p a ra te s  o u t a s  
c o lo u r le s s  n eed le s»  m .p. i i g  .
( Found N .  1 5 .4 # ;  HH ,  » 9 .0 2 # ; Cl = 1 9 .3 # ;
C^B^O^NÿOL r e q u i r e s  N »  1 5 .1 4 # ;
HHj .  9 .2 # ;  Cl = 1 9 .3 5 # . )
D ilu te  su lp lm rio  a c id  was added to  an aqueoud
s o lu t io n  o f  th e  above s a l t»  and th e  r e s u l t i n g  o i l  
e x t r a c te d  w ith  e th e r .  A f te r  th e  rem oval o f  th e  
so lv e n t th e  r e s id u a l  o i l  had b .p .  77 -  BO^/B mm.»
84.
1.4410# S th y l c h lo r o n i t r o a c e ta te  d i s t i l l s  a t  
77 7 8  mm., n , l .  4418 ( Ifaobeth and T r a i l l ,  1 9 3  ,  127, 




Chlorom alonam ide. Malonaraide was p re p a red  nby th e  
a c t io n  oc a lc o h o l ic  ammonia on raalonic  e s t e r  ( F isc h e r  
and D il th e y , Ber#, 1902, 35, 846)# A ttem pts were 
made to  p rep a re  th e  monochloro d e r iv a t iv e  by p a ss in g  a 
stream  o f  c h lo r in e  in to  a s o lu t io n  o f malonamide 
in  g l a c i a l  a c e t ic  a c id ,  bu t c h lo r in a t io n  was very  
rap ed , and r e s u l t e d  on ly  in  th e  i s o l a t i o n  o f  Üe 
d ic h lo ro  compound. The monochloromalonamide was
th e r e f o r e  p rep ared  from ch lo ro m alo n ic  e s t e r  ( T . ,
1922, 121, 1120) by Conrad and B isc h o ff* s  method 
( Annalen, 1881, 222» 231 ). The ch loroam ide m elted  
sh a rp ly  a t  170°, and l i b e r a t e d  n i tro g e n  on tre a tm e n t 
w ith  h y d raz in e  h y d ra te  in  a van Slyke n i t r o m e te r .  
0 .1248 Gram l ib e r a t e d  9 .8 4  c .c .  N ^ a t  N .T .P ., viiich 
co rresp o n d s  w ith  9 9 .3  p e r  c e n t ,  o f  th e  t h e o r e t i c a l  
amount.
Di chlo  ro malonami de was p re p a red  by th e  a c t io n  ff
86.
ohlorine on a oold» aqueous solution of malonamide 
( Zinoke and Kegel» Ber. * 1890# > 246 ), and by the
ohlorination  of the  amide in  g la c ia l aoetio acid .
The d iohlorom alonam ide m e lts  a t  203^# and r e a c ts  w ith  
h y d r^ s in e  h y d ra te  a t  o rd in a ry  tem p era tu re s»  0»1864 
Gram l i b e r a t e d  22*3 c . c .  N .T .P ., which
c o rre sp o n d s  w ith  9 9 .2  p e r  c e n t ,  o f  th e  th e o r e tb a l  
sm ount.
Bromomalonamide was p re p a red  by th e  method o f  Inches# 
Vest# and W hiteley  ( T», 1921# 119. 3 6 1 ). I t  
l i b e r a t e s  n i t ro g e n  on ly  v e ry  slow ly  from h y d raz in e  
h y d ra te  in  th e  c o ld .
Dibromomalonamide was obtained by the bromination o f 
jkalonamide in  aqueous solution ( Freund# Ber.# 1884#
17. 7 8 2 ) . 0 .2484  Gram l i b e r a t e d  19 c . c .  a t
N .T .P . on tre a tm e n t w ith  h y d ra z in e  h y d ra te  i n  a van 
Slyke n i t r o m e te r .  T h is  c o rre sp o n d s  w ith  9 0 .5  p e r  
c e n t o f  th e  t h e o r e t i c a l  amount# and re d u c tio n  th e r e f o r e  
un d o u b ted ly  occurs»
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B rp a o a a lo n d ia e t hy l am ide. Ife londim ethyl amide waa
p re p a re d  by th e  a c t io n  o f  m ethylam ine on maloddo e s t e r  
( Prennd* l o c . c i t . )# and waa b ro a in a te d  by th e  method 
o f  B ackes, West and W hiteley  ( l o o , c i t . ) , The 
ooapound l i b e r a t e s  l i t t l e  n i t ro g e n  from h y d ra z in e  
h y d ra te  i n  th e  o o ld , b u t an a lo o h o lio  s o lu t io n  g iv e s  
a good r e a c t io n  on warming,
Dibrom om alondimethylamide ^as  p re p a re d  by P r#nnd*s 
method ( lo o , c i t .  ) , I t  l i b e r a t e s  n i t ro g e n  s lo w ly  from 
h y d ra z in e  h y d ra te  a t  o rd in a ry  te m p e ra tu re s , b u t g iv e s  
a good r e a c t io n  on warming,
D io h lo ro a a lo n d ie th y la a id e  i s  o b ta in e d  by th e  d i r e c t  
o h lo r in a t io n  o f  m alohd ie thy lam ide  i n  aqueous s o lu t io n .  
A fte r  r e o r y s t a l l i s a t i o n  from h o t w a te r th e  m ibstanoe 
was i s o l a t e d  a s  lo n g  w h ite  n e e d le s , m ,p ,, 142 -  143% 
The halogen  i s  n o t reduced  by h y d ra z in e  h y d ra te ,
(% loro .. and d icli^ifa*m »lyftd im ethylam ide and dibrom o.. 
m a lo n d ie th y la a ide ware a ls o  found to  be w ith o u t a c t io n
88.
on hydra& ine a t  la b o r a to r y  te m p e ra tu re s , a lth o u g h  
l i b e r a t i n g  n itt*ogen  when warmed w ith  th e  re a g e n t i n  a  ^
t e a t  «tube*
Ife so ra la n id e  hydraaone A lthough re d u c t io n  o f  
dibromomalonamlde i s  found to  o cc u r on tre a tm e n t  w ith  
h y d ra z in e  h y d ra te ,  th e  f i n a l  p ro d u c t o f  th e  r e a c t io n  
i s  me so xa l amide hydra zone ( Rihemann and O rto n , lo o .  
c i t .  ) A v ig o ro u s  re a c t io n  o c c u rs  on m ix ing  th e  
r e a c t in g  su b s ta n c e s  i n  a lc o h o l ic  s o lu t io n ,  and a f t e r  
t h e  f i r s t  a c t io n  i s  o v e r th e  s o lu t io n  i s  h e a te d  on 
th e  w ate r b a th  f o r  f i f t e e n  m in u te s , Chi c o o lin g , 
th e  hyd ra  zone s e p a ra te s  o u t i n  lo n g , c o lo u r le s s  n e e d le s , 
which a f t e r  o ry s t  a l i i  s a t io n  from  w ate r have m .p. 175 
{ found C = 27,635f; H = 4.95f; N -  42 .62# ; '
CMS?- f»** taKM- ■
CjH^O^N r e q u ir e s  C » 2 7 .6 8 ^ ; H m 4 .6 1 ^ ;
KW*-
N « 4 3 .0 7 # .)
M alonhydrazide was p re p a re d  flor oom parieon w ith  th e  
above hydrazone by h e a tin g  an a lc o h o l ic  s o lu t io n  
o f  m alon ic  e s t e r  w ith  an e x c e ss  o f  h y d ra z in e  (50 p e r
89,
c e n t ,  s o lu t io n )  u n d e r r e f lu x  f o r  f iv e  hours* I t  
had m .p*, 154®*
3*M ethyl«»4-ethyl-SH Pyrazolone An ex cess  o fh h y d ra z in e
«T»* »■»
h y d ra te  was g ra d u a l ly  added to  a lo o h o lio  s o lu t io n s  
o f  e t h y l -  - c h iw o  and -bromo- e t hy l a o e to a o e ta te a
( T . ,  1923# 123» 1124)* C o n sid e rab le  h e a t waa 
dev e lo p ed , and th e  s o lu t io n  b o i le d .  The r e a c t io n  
was h e a te d  f o r  a few m inu tes on th e  w ate r b a th  a f t e r  
th e  f i r s t  r e a o t io n  was o v e r , and on c o o lin g  d e p o s ite d  
a mass o f  rh ite  g l i s t e n in g  c r y s t a l s .  The p ro d u c t 
in  b o th  o a se s  was r e o r y s t a l l i s e d  so b e ra l t im e s  from  
a lc o h o l ,  and th e  p y razo lo n e  o b ta in e d  in  f i n e  r e c ta n g u la r  
p l a t e s ,  m .p*, 220®. C om pare,the m .p. 195 -  1 9 6 '’t  c o r r  
re co rd ed  by focquim  ( B u ll .  Soc. Chim ., 1904 (6$,
51# 7 6 6 ).
c*» **•
( Found C » 56*9; H a  7^9^ ;  K = 22*35^;«v—• *VTtSr*.
CgH|pON  ^ r e q u ir e s  C = 5 7 .1 3 ; H « 7 .9 ;
N = 22.2. )
3 ..# th T l.;4 4 m m M W k * T ra so lo n e  T h is  was o b ta in e d
ksw' m»* --  N K k
from  e th y l - d - c h lo r o — and b ro m o -p ro p y la c e to a c e ta te s
90<
by tre a tm e n t w ith  h y d raz in e  hydra te#  a s  d e s c r ib e d  In  
th e  p re c e e l la g  case* A fte r  c r y s t30.11 s a t lo n  from  
a lc o h o l  th e  su b s tan ce  was o b ta in e d  a s  r e c ta n g u la r  
p l a t e s ,  m.p# 206^*
( Found C a  59.815Î; H » 8 .4 9 ^ ;  » « 19 .97# ;
C^ Hi^ OH^  r e q u ir e s  C = 60#; H « 8 .5 7 # ;
N « 20#. )
Sda#tbyl."4-bemmylwG.. p y ra z o lo n e . E th y l b e n z j l -  
a c e to  ao e t a te  was b rom inated  by a c u r re n t  o f  bromine
i n a l r ,  #md an a lc o h o l ic  s o lu t io n  o f  th e  -bromo*.
e s t e r  was a c te d  upon by h y d ra z in e  h y d ra te  a s  d e sc r ib e d  
above# The r e s u l t in g  s o l id  was r e o r y s t a l l i s e d  from
a lc o h o l ,  and m elted  a t  213 w ith  decom position  and
p re v io u s  darkening#
{ Ibund C = 7 0 .0 7 $ ; H » 6 .1 8 $ ; N »  1 4 .9 $ ;
re q u lro a  C »  7 0 .2 1 $ ;
H = 6 .3 8 ; N = 1 4 . ^ .  )
E t to l  Jo h lo rp b e n M T la a a ta te  The p a re n t e s t e r  w s  
prcipar^id by th e  a c t io n  o f benzoyl c h lo r id e  on th e  
sodium d e r iv a t iv e  od e th y l  a c e to a c e ta te  ( G la lse n ,
9 V
A nnalen, 1Ô96, 291» 710. E thy l b e n z o y la c e ta te  
was c h lo r in a te d  bJ6 th e  g ra d u a l a d d it io n  o f  r th e  
c a lc u la te d  q u a n ti ty  o f s u lp h u ry l c h lo r id e ,  t h e e s t e r  
b e in g  g e n t l y  w a n n e d  a t  f i r s t  to  s t a r t  th e  r e a c t io n .
A fte r  th e  a d d it io n  w?xs com plete th e  p roduct was
h e a te d  f o r  h a l f  an hour on th e  w ate r b a th , and a f t e r  
th o ro u g h  washing w ith w ate r th e  r e s id u a l  o i l  was 
ta k e n  up in  e th e r  and d r ie d  w ith  anhydrous ôoâium 
s u lp h a te .  On f i l t e r i n g  and th e  reraèval o f  th e  so lv e n t 
th e  ch lo ro  e s t e r  d i s t i l l e d  in  a main f r a c t io n  a t  
175 -  177 7 l O  mm., n ,  1 .5320 .
{ Pound Cl = 15 .9355 J
C„H„OjCl r e q u ir e s  Cl = 1 5 .6 7 ^ .)
T^e e s t e r  o x id is e s  h y d raz in e  a t  o rd in a ry  te m p e ra tu re s  
b u t th e  l i b e r a t i o n  o f  n i tro g e n  i s  much l e s s  th an  
t h e o r e t i c a l .  5 C .c . o f  an a d c o h o lic  s o lu t io n  c o n ta iA g ^  
2.265^ grains in  25 c . c .  l i b e r a t e d  a t  17 ''/746  ram.,
w hich co rresp o n d s  w ith  66 .3  p e r  c e n t,  o f  th e  t h e o r e t i c a l .
E th y l a m in o b e n z y lth ia z o le c a rb o x y la te  20 Grams o f
9 2 *
oh lo robenzoyX aoeta te  were added to  7 .5  gram s o f  th io u re a  
d i s s o l r e d  in  100 o .o .  o f  50 p e r  c e n t a lc o h o l ,  The 
was th e n  h e a te d  and shaken f o r  s e v e ra l  h o u rs , a f t e r  
which i t  was s e t  a s id e  f o r  30 h o u rs . The h y d ro c h lo rid e  
o f  th e  am inot h i assole s e p a ra te d  o u t and, a f t e r  th e  
a d d i t io n  o f  w a te r, th e  unchanged oh lo ro  e s t e r  was 
e x t r a c te d  w ith  e th e r .  Ammonia was added to  th e  hot 
aqueous s o lu t io n  o f  th e  h y d ro c h lo r id e  and th e  f r e e  
a m in o th ia z o le  p r e c ip i t a t e d .  A f te r  co o lin g  th e  s o l id  
was f i l t e r e d  o f f  and c r y s t a l l i s e s  from aqueous a lc o h o l ,  
from which i t  s e p a ra te d  in  b e a u t i f u l ,  lo n g , w h ite , 
p r i s m a t ic  p l a t e s ,  m .p. 173***
( Pound N «  1 1 .5 # ; 8 ■ 1 3 .2 # ;
3 r e q u i r .3  N = 1 1 .2 9 # ;
3 « 1 2 .9 # . )
9 3 <
THE BARBITURIC ACIDS,
S ^ r b l tu r io  ao ld  m s  p re p a red  by th e  method o f  G a b r ie l 
and Colman { B e r , ,  1904# 3657)• 160 Grama ( 1 m o l.)
o f  m alonic e s t e r  i s  t r e a t e d  w ith  a  s o lu t io n  o f  23 
^ram s o f  aodium in  500 c . c .  a b s o lu te  a lc o h o l and th en  
w ith  a s o lu t io n  o f  60 grams o f  d ry  u re a  i n  300 o .c .  
h o t a lc o h o l .  The whole m ix tu re  i s  re f lu x e d  f o r  seven 
h o u rs . The p a a te y  mass i s  t r e a t e d  w ith  800 o .o .  ho t
w a te r and 76 c . c .  fuming h y d ro c h lo r ic  a c id ,  ap , g .1 .1 9 ,
« » »
s t i r r i n g  and h e a tin g  u n t i l  a l l  i s  i n  s o lu t io n .
B a rb i tu r ic  a c id  c r y s t a l l i s e s  o u t on coo]%%g in  a 
f i n e  meal o f  c r y s t a l s ,  which a r e  f i l t e r e d  o f f  n ex t day . 
f i e l d  85 grams ( 66 p e r  c e n t ,  t h e o r e t i c a l
The a c id  c r y s t a l l i s e s  w ith  two m o lecu les  o f  w a te r, 
which may be removed by p la c in g  th e  a c id  in  a  d e s s ic a to r  
and e v a c u a tin g . The a c id  i s  s p a r in g ly  s o lu b le  in  c è ld  
w a te r  and e a s i ly  so lu b le  in  hot w a te r .
D ib ro m o b arb itu ric  a c id  B i l t a  and Hamburger ( B e r .,
1916# 49$ 655) s t a t e  t h a t  ha logen  d e r iv a t iv e s  o f 
b a r b i tu r i c  a c id  may be g o t from v i o lu r i c  a c id  o r  from
94<
f r e e  b a r b i tu r i c  acid*
F in e ly  powdered b a r b i tu r i c  a c id  ( 10 g ram s) was 
suspended i n  w ate r about 40 and brom ine ( 8 c*o*) was 
added* The m ix tu re  wb.3 s t i r r e d  u n t i l  s o lu t io n  took  
p lace* The s o lu t io n  was th en  e v a p o ra te d  down and l e f t ,  
and d ib ro m o b a rb itu r io  a c id  c r y s t a l l i s e d  o u t a f t e r  some 
tim e* The dibromo a c id  was f i l t e r e d  o f f  and k e o r y s ta l lb e e  
from sN n i t r i c  acid*
The crude a c id  was p r a c t i c a l l y  w h ite  in  o à lo u r , 
w hile  B L ltseand H am ^rg er s t a t e  t h a t  th e  a c id  i s  ro se  
p in k , The a c id  was b o i le d  f o r  h a l f  an hour w ith  th re e  
tiT O s i t s  own weight o f  2 N n i t r i e  acid*  Wh<m h e a t was 
a p p lie d  to  th e  s o lu t io n  i t  n tum ed  a b r ig h t  rode p in k :  
th e  c o lo u r  deepw ed  and d isap p ea red  a s  s o lu t io n  became 
com plete* On s ta n d in g  th e  a c id  e n ry s ta ll is e d  o u t  in  
w hite  c r y s t a l s  w ith  a  ro se  t i n g e ,  e s p e c ia l ly  iriien damp*
M#P* 234^ * ^
B e ac tica  w ith  hydrag ine h y d ra te * D ib ro m o b arb itu rio  a c id  
i s  on ly  s l i g h t l y  s o lu b le  i n  c o ld  w a te r , bu t d is s o lv e s  in  
h o t w ater g iv in g  a s o lu t io n  which assum es a p in k is h  hue* 
When h y d raz in e  h y d ra te , 50 p e r  o w t*  s o lu t io n ,  i s  added
95 .
4 #  '
to  such a s o lu t io n  th e r e  i s  a r e ry  v ig o ro u s  e v o lu tio n  
o f  gaSf and th e n  a w h ite  s o l id  f a l l s  o u t .  The Has 
l i b e r a t e d  co rre sp o n d s  to  vbhe rem oval o f  o n ly  one bromine 
atom . The s o l id  throw n ou t o f  s o lu t io n  c o n ta in s  
brom ine and i s  a h y d ra z id e .
1 .124  Grams o f  d ib ro m o b a rb itu r io  a c id  wæ d is s o lv e d  
in  20 o .c .  w a te r . 5 C .c . o f  t h i s  s o lu t io n  was used  
each  t im e . 1 2 .2  C .c . wvre l i b e r a t e d  a t l f  f /7 j( l m»* 
(Me m olecu le  o f  th e  dibromo a o id  would l i b e r a t e  11 .15  
l i t r e s  a t  H .T .P .
Hydra z id e  o f  monobro mo b a r b i tu r i c  a c id .
The su b s tan ce  o b ta in e d  a s  a  r e s u l t  o f  th e  a c t io n  o f 
h y d raz in e  h y d ra te  on d ib ro m o b a rb itu r io  a c id  was found to  
c o n ta in  bromine and to  be a h y d ra z id e . I t  was proved 
to  be th e  hydra  z ide  o f  mono bromo b a r b i tu r i c  acid:«>
NH _  C.ONH..NH-
-  V b,
\  /
^ KH —  00
( Pound Br = 5 3 .8 ^ ; = 133#;
C H 0 N Br r e q u ir e s  Br * 5 4 .0 # ; »  13.4 ^ ^ '  w  * m .
9 6 .
Ib n o b ro o o b a rb itu r ic  a c id  20 Grama o f  d ib ro m o b a rb itu r io
a o id  was mixed w ith  20 c . c .  o f  ,8 8  ammomiam h y d ra te  
( B l i t z  abd Hamburger, B e r .,  1916, 635). |  v io le n t
r e a c t io n  took  p la c e , th e  m ix tu re  f ro th in g  up and 
tu rn in g  p ink  d u rin g  th e  t r i t u r a t i o n .  A sm ell o f  bromine^ 
masked by th e  sm ell o f  ammonia, was n o t ic e d . The 
m ix tu re  was s t i r r e d  a s  th e  r e a c t io n  d ied  down, and th e  
m ilky  m ix tu re  s e t t l e s  in to  a p a s te y  m ass. A fte r  
learning on th e  t i l e  o v er n ig h t  a p ink  amorphous 
su b stan ce  was o b ta in e d .
T h is  p ink  su b s ta n c e , th e  ammonium s a l t ,  « as  powdered 
and added to  e lev en  t&mes i t s  w eight o f  d i l u t e  ammonia.
The su b stan ce  d is s o lv e s  e a s i l y ,  g iv in g  a  ye llow  s o lu t io n  
from  which th e  pure s a l t  o ty a ^ a l l i s e s  o u t r a p id ly .
The sodium s a l t  o f  m onobro»> barb itu ric  a c id  was 
o b ta in e d  by d is s o lv in g  th r e e  g raao  o f  th e  ammonium s a l t  
in  S  c . c .  o f  10 p e r  c e n t ,  c a u s t ic  soda. The sodium
». Mtm
s a l t  c r y s t a l l i s e s  ou t on c o o lin g , bu t th e  c r y s t a l i i s a t i o n h  
ta k e s  much lo n g e r  in  t h i s  c a s e .
N eu tra lh h in g  th e  sodium s a l t  w ith  40 p e r  c e n t, 
s u lp h u i ic  a c id  th e  monobromo ao id  f a l l s  o u t i n  f in e
97.
n e e d le s  on o o o lin g . I t  i s  r e o r y s t a l l i s e d  by h e a tin g  
w ith  tw en ty  t im e s  i t s  w eight o f  b o i l in g  w a te r . M.p. 209 
H ydrazine r e a c t io n  Mono bromo b a r b i tu r i c  a c id  i s  q u i te  
unr e a c t iv e  tow ards h y d raz in e  h y d ra te . No g a s  i s  evo lved  
when h y d raz in e  i s  added to  an aqueous s o lu t io n .  When 
h y d raz in e  i s  adJed  to  an a lc o h o l ic  so lu tio n a n d  th e  a lc o h o l 
removed under reduced  p re ssu re»  a h y d ra z id e , i d e n t i c a l  
w ith  t h a t  o b ta in e d  from  th e  dibromo a c i d , i s  o b ta in e d .
The m .p. o f th e  hydra z id e  cou ld  n o t be determ ined  in  
e i t h e r  c a s e , th e  su b s tan ce  tu rn in g  g ra d u a lly  brown 
atb270  300 T h is  hydra z id e  had th e r e f o r e  to  be 
an a ly sed  a l s o .
. ( found Br =* 33.9jE;
C^H^O^N^Br r e q u ir e s  Br & 34.04)(. )
D ic h le ro b a rb i tu r io  a c id . B a rb i tu r ic  a o id  was swspended 
in  w arer a t  30 40 and a s treem  o f  c h lo r in e  was p assed
^ m h é»
th ro u g h  th e  m ix tu re  u n t i l  a l l  th e  ao id  was i n  s o lu t io n .
I t  i s  f a i r l y  d i f f i c u l t  to  g e t eCLl th e  a o id  in to  s o lu t io n .  
The s o lu t io n  was th e n  e v a p o ra te d  down to  d ry n e ss  and th e  
re s id u e  e x tr a c te d  w ith  e th e r ,  and r e c r y s t a l i i a e d  from
98.
ob lo ro fo rm . 5 :5 -J3 io h lo ro b a rb itu r io  a c id  i s  o b ta in ed  
in  l e a f l e t s ,  m .p . 2 1 9 .-  220 \
R eac tion  w ith  h y d ra s in e  h y d ra te .
The r e a c t io n  o f  d io h lo r o b a r b i tu r ic  a c id  w ith  h y d ra z in e  
h y d ra te  i s  s im ila r  to  th ^ t  o f  th e  dibromo a o id .  The 
re a c t io n  i s  r ig o ro u s  and com plete i n  a m a tte r  o f  te n  
seconds. The l a s t  o .o .  o r  so o f  g as  c o l l e c t  s low ly , 
th e t  l i q u id  being  clouded owing to  a w hite  s o l id  which i s  
throw n out o f  th e  so lu tio m . 9  C .c . o f  a s o lu t io n  o f  
.980 gram s o f  a c id  i n  25 c . c .  o f  a lc o h o l l i b e r a t e d
11,9  c . c .  a t  10,8*’/742 mm. One m olecu le  o f  th e  
d io h lo r o b a r b i tu r ic  would th e r e f o r e  l i b e r a t e  1 1 .1  l i t r e s  
n i t ro g e n  a t  N .T .P .
The w hite s o l id  thrown o u t o f  s o lu t io n  d u rin g  th e  
r e a c t io n  t a s  found to  c o n ta in  c h lo r in e  and to  be a   ^
h y d ra z id e . I t  i s  th e  h y d raz id e  o f  m o n o o h lo ro b a rb itu ric  
a c id .
( R)und Cl a  1 8 .2 ^ ; « 6 .7 ^ ;
C^ H^ O_,N_^ Ca re - .u ire s  O. » 18.44jf; 16.62)
99.
I;3«4}lpbenyX barb itu rlo  a c id  i s  o b ta in e i  by d i r e c t  
co n d en sa tio n  o f m alonyl c h lo r id e  and s« id ip b en jlo a rb aa id e  
o r  b f  th e  a c t io n  o f  phospbory l c h lo r id e  on a a i s t u r e  o f  
a a lo n ic  a c id  and s-wdiphenylcarbamide # The second 
method was used  a s  th e  co s t i s  much l e s s .
The p re p a ra tio n  i s  a m o d if ic a tio n  o f  th e  G rim ant 
method f o r  th e  p re p a ra t io n  o f  b a r b i tu r i c  a c id  ( Compt. 
r e n d . ,  1879# 88» 85) and th e  S im b rita k i p re p a ra t io n  
o f  m alonyl d ie th y l  carbam ide ( B er. # 1897# 1814).
IK»
A m ix tu re  o f m alonic a c id  and s-d ip h en y lca rb am id e  
in  ch lo roform  s o lu t io n  o f  phospbory l c h lo r id e  i s  
h e a te d . 30 Grams phospbory l ohlom ide ( 2 m o lsl)#
m -'--  '*•
10 grams m alonic a c id  (1 # o l .  )# 20 grams diphenyl.#  
carbam ide { 1 m ol. ) suid 100 c . c .  d ry  ch lo ro fo rm  a re  
h e a te d  under re flu x #  a t  a tem p e ra tu re  j u s t  u n d e r t h e i r  
b o i l in g  po in t#  f o r  s ix  h o u rs . The ch lo ro fo rm  i s  
a llow ed  to  e rap o ra tem sp o n tan eo u sly  and th e  r e s id u a l  
syrup i s  l e f t  i n  a lc o h o l to  decompose th e  phospbory l 
c h lo rid e #  end th en  poured on i c e l  4 w hite  s o l id  i s  
g o t and c o n s i s t s  o f  s.-d i phenyl carbam ide ( 5 .5  (m$# )# 
l :3 - d ip h e n y lb a r b i tu r ic  ac id {  § 0 .2  gms. )# and th e  
a c e ty l  d e r iv a t iv e  o f th e  a c id  { 1 0 .2  gms. ).
100 .
The 1:1 a t  two were resoT ed by aodium ca rb o n a te  so lu tio n »  
p r e c ip i ta te d  w ith  h y d ro c h lo r ic  ac id»  and s e p a ra te d  by 
f r a c t i o n a l  c r y s t a l l i s a t i o n  from a lc o h o l i n  which 
l ;3 -d à p h e n y lb a rb i tu r ic  a c id  i s  sp a r in g ly  so lub le»  
and th e  a c e ty l  d e r iv a t iv e  r e a d i ly  s o lu b le .
l : 5 ^ i p h e n y l b a r b i t u r i c  a c id  c r y s t a l l i s e s  from 
a lc o h o l in  c o lo u r le s s  p r is m a tic  need les»  m .p.» 338% 
and d is s o lv e s  in  each o f  th e  u su a l o rg a n ic  s o lv e n ts  
w ith  th e  ex cep tio n  o f  e th e r  and l i g h t  p e tro leu m .
^  5#j)ibrome'"l i2WLiP h e n y lb a rb itu  r i  c ao id  
D ip h e n y lb a rb itu r ic  a c id  i s  b rom inated  by addhng a 
s o lu t io n  o f  th o  c a lc u la te d  q u a n t i ty  o f brom ine in  a c e t ic  
a c id  to  a  s o lu t io n  o f th e  a c id  in  th e  same s o lv e n t .
The m ix tu re  i s  h ea ted  on a  w a te r b a th  and poured  on i c e .  
A p in k ish  s o l id  f a l l s  o u t .  T h is  i s  h ea ted  on a w ate r 
b a th  w ith  benzene from which i t  e e ry  s t  a l i i  s e s  in  
e longated»  c o lo u r le s s  pr&sms oou ÿ a te in g  one mdecule o f  
benzene.
T h is  s o l id  was h e a te d  a t  105 u n t i l  th s  w eight was 
co nstan t»  to  f r e e  i t  from  benzmne. M.p. 160^»
1 0 1 .
R a æ tio n  w ith  hydrag in»  faTd^an>e«
The r e a c t io n  l e  a im ila r  to  t h a t  o f  th e  c o rre sp n d in g  
dibromo d e r i r a t iT d  o f  b a r b i tu r i c  acid* The re a c t io n  i s  
v igorous*  11 0*0. o f  n i t r o g w  being  l i b e r a t e d  in  30 
seconds* The s o lu t io n  becomes clouded and a s o l id  f a l l s  
out*
0*438 Grams o f  th e  compound l i b e r a t e d  1 2 .6  o.o* 
o f  a t  13V 751 hm* One m olecà le  o f d ib rom o- 
l :3 - d ip h e n y lb a r b i tu r ic  a c id  would l i b e r a t e  11 .39  
l i t r e s  o f  *2 N*T*P*
A hydra zide* th e  hydra z ide  o f  5 -^ ro m o -l : 3 -d ip h e n y l-  
b a r b i tu r i c  acid*  was ob tained*  a s  was expected* by th e  
a c tio n  o f  h y d ra z in e . I t  i s  a creamy w hite s o l id ,  
c r y s t a l l i s i n g  from  a lc o h o l in  am all n e e d le  l i k e  l a t h s  
which form a rb o re sc e n t s t r u c tu r e s  à n d e r  th e  m icroscope*
( Pound Br = 2 1 .6 ^ ; = 8 .2 5 ^ ;
r e q u ir e s  Br = 21.8jC;
5«3 ro * o -l:S W & B b en y ib arb itu rio  a o id
...
T h is  mono bromide { W hiteley* T . ,  1921, 119* 3 77 ) was
1 0 2 .
p re p a red  b|r slow ly  a i l i n g  13 c .o .  o f  10 p e r  oent# 
s o lu t io n  o f  brom ine in  ch lo ro fo rm  { 1 m ol. ) to  a warm 
s o lu t io n  o f  7 grams o f  1 : 3 -d ip h e n y lb a rb itu r ic  a c id
.«M 0 ‘S-
( 1 m o l.)  i n  50 c . c .  ch lo ro fo rm . Bromine i s r e a d i ly  
absorbed  and on opon tm eous ev a p o ra tio n  o f  th e  s o lv e n t ,  
and w ashing o f  th e  r e s id u a l  s o l id  w ith  l i g h t  pe tro leum , 
b .p .  40 -  6 0 a  q u a n t i t a t iv e  y ie ld  o f  5 -b ro m o b a rb itu r ic  
a c id  was o b ta in e d . I t  c r y s t a l l i s e d  from  ch loroform  in  
hard  c r y s t a l l i n e  w a r ts , m .p. 155% and was r e a d i ly  
so lu b le  in  a l l  o rg a n ic  v i v e n t  s .
R eac tion  w ith  hyd raa in e
When h y d raz in e  h y d ra te  was added to  an a lc o h o lic  
s o lu t io n  o f  th e  brom ide no reac tiom  took  p la c e ;  no 
g a s  was l i b e r a t e d .  On removal o f  th e  a lc o h o l under 
reduced  p r e s s à r e ,  a  creamy yellow  s o l id  was o b ta in e d .
T h is  su b s tan ce  was a hydra z ide  and cont ^ined brom ine; 
m .p. 220r I t s  c r y s t a l l i n e  form was th e  same a s  th a t
o f  th e  hydra s id e  d e r iv e d  from th e  dibromo compound.
4 mixed m .p . o f th e s e  two hydra s id e s  gave th e  m.p. 215 T 
The h y d raz id e  i s  th e r e f o r e  I d e n t ic a l  w ith  t h a t  a lre a d y  
o b ta ih e d  from 5 ;5 -d ib ro m o - l :3 -d ip h e n y lb a rb i tu r ic  a c id .
103.
iJ P I ie n y lb a rb itu r io  a c id .
Mono p h e n y lb a rb it  u r i c  a c id  was p repared  on l i n e s  p a r a l l e l  
to  th e s e  fo llow ed  i n  th e  p re p a ra t io n  o f  th e  d ipheny l 
a o id .
60 Grams phospbory l c h lo r id e  ( 2 m ois. ), 20 grams 
m alonic a c id  ( 1 mol. ), 25 grams phenyl carbam ide ( 1 mol. ) 
and 200 o .c .  d ry  ch lo roform  were h ea ted  under r e f lu x  
a t  a tem p e ra tu re  j u s t  below t h e i r  b o i l in g  p o in t f o r  
s ix  h o u rs . The ch lo ro fo rm  e v a p o ra te s  spon taneously  — 
a c u r re n t  o f  a l t  being  drawn th ro u g h -  euid th e  r e s id u a l  
syrup i s  l e f t  in  a lc o h o l,  to  decompose th e  phospboryl 
c h lo r id e ,  and th e n  poured on i c e .  |  creamy s o l id  f a l l s  
o u t .  T h is  i s  d is so lv e d  in  sodium oarb o h a te  s o lu t io n ,  
fh e  m ix tu re  i s  f i l t e r e d  and th e  f i l t r a t e  a c id i f i e d  w ith  
h y d ro c h lo r ic  a o id . The s o l id  p r e c ip i t a te d  c o n s is ts  o f  
th e  su b stan ce  re q u ire d  and an a c e ty l  d e r iv a t iv e .  The 
a c e ty l  d e r iv a t iv e  i s  e a s i ly  s o lu b le  in  a lc o h o l, u n l ik e  
th e  a o id . I t  i s  t h â s  removed by h e a tin g  th e  m ix tu re  
g e n t ly  w ith  a l i t t l e  a lc o h o l and f i l t e r i n g .  The ao id  
was r e c r y s t a l l i s e d  from  a b so lu te  a lc o h o l, in  which i t  
i s  s p a r in g ly  s o lu b le .  M.p. 262^.
104.
( Pound N = 13 .73# ;
r e q u ir e s  13 .72# . )
The i d e n t i t y  of th e  a o id  was f u r th e r  e s t a b l i ^ e d  
by th e  f o r a t i o n  and a n a ly s is  o f  th e  bromo oompounds.
{ Dibromo compound -  Pound Br = 4 4 .0 # ;
r e q u ir e s  » 4 4 .2 # . )
( Monobromo compound -  Pound Br » 28 .175#;
-* W&üm nrj*'
re q u ir e s  & 38 .2# . )
q & S «JH broao*«l^heaylbarb iturio  a c id .
5 Grsums o f p h en y X b arb itu ric  a c id  was bested i n  a 
b eak er w ith  50 o .o .  g l a c i a l  a c e t i c  a c id -  ( i t  i a  
in a d v is a b le  to  u se  more a c e t ic  a c id  a s  th e  dibrom ide does 
n o t th e n  f a l l  o u t when th e  s o lu t io n  i s  poured on i c e ) .
The c a lc u la te d  q u a n ti ty  o f  bromine was added g ra d u a lly  
and th e  a c id  went in to  s o lu t io n .  The s o lu t io n  was 
h ea ted  on a w ater b a th  f o r  h a l f  an hour and th e n  poured 
on i c e .  The y e llo w  s o l id  which was p r e c ip i t a t e d  was 
f i l t e r e d  o f f ,  washed, and r e o r y s t e l l i s e d  from a lc o h o l.
On re p e a te d  re  c r y s t a l l i s a t i o n  th e  s o l id  p a le d  i n  c o lo u r  
u n t i l  i t  was alm ost w h ite . M.p. 204^. The c r y s t a l s  
a r e  l a t h  shaped.
105.
( Found Br ~ 14* 0 ^ ;
r e q u ir e s  Br = 44*2^, >
S eao tlo n  s i t h  h y lr^ a ln a  hyd ra te*
When h y d raz in e  h y d ra te  ( 50 p e r  c e n t .s o lu t io n  ) i s  added 
to  a s o lu t io n  o f  5:5-dibrom o—iH p h e n y lb a rb itu r io  a c id  
i n  a lc o h o l th e r e  i s  an im m ediate l i b e r a t i o n  o f  g a s .
The s o lu tio n  becomes c louded , a new su b stan ce  being  form ed 
and re n d e rin g  th e  f i n a l  c o l l e c t io n  o f  g as  slow .
0 .2890 Grams, l i b e r a t e  9 .8  c . c .  a t  16 /748 mm.
% ,3» --sn- ««►
The K.W. o f 5 ;g .ijiib ro « o -.lH p b en y lb a rb itu rio  a c id  would 
l i b e r a t e  11.25 l i t r e s  o f  .
The hydra z id e  thrown ou t o f  s o lu tio n  was a w bibe, 
c r y s t a l l i n e  su b s tan ce , appearim g under th e  m icroscope in  
n e e d le  shaped c r y s t a l s .  I t  i s  he hydra z ide  o f  5-bromo 
•q ..p h e n y lb a rb itu r lc  a c id . M.p. 142 .
( Pound Br =s 2 5 .4Î?; NH^.NH^ =* 1 0 .4 9 ^
C,j,H,O^N^Br r e q u ir e s  Br = 95 .57^;
NHNHg^ re q u I re s  1 0 .2 ^ . )
5 -3rom ow .i#ohenylbarb ltu ric  a c id .
$ Grams o f  th e  a c id  vrere added to  a beaker c o n ta in in g
106.
50 o.G. ch lo ro fo rm  and th e  m ix tu re  «ras added li. 
on a w ater bath# The c a lc u la te d  q u an to ty  o f  brom ine
was slow ly  added# The a d d  does n o t seem to  go in to
s o lu t io n  but seem fo u n d er go a  change# The bromine i s  
absorbed  s in c e  th e  s o lu tio n  d e c o lo u rise s#  The m ix tu re  
i s  hea ted  on th e  w ate r h a th  f o r  h a l f  an hour and then  
f i l t e r e d #
The s o l id  co n ta in ed  brom ine and r e c ry s t a l l à add 
from r e c t i f i e d  s p i r i t ,  form ing p ink  c r y s t a l l i n e  warts#
On re p e a te d  re  c r y s t a l l i s a t i o n  i t  was got a s  a w hite  
s o l id ,  m.p* 215".
( Found Br =» 38*172^;
CJl^O^NBr r e q u ir e s  Br =* 28# 2 $  f# )
H ydrasine had a p p a re n tly  mo e f f e c t  ou th e  monobromo 
compound# No gas  was eTolved# H ydrazine h y d ra te  
was added to  an a lc o h o l ic  s o lu t io n  o f  th e  brom ide and 
th e  a lc o h o l removed under reduced  p re ssu re#  A w hite  
substance  which c o n ta in e d  bromine was ob tained#
M#p. =* 146%
M.P. o f hydraaside from dibrom ide » 142%
Mixed m#p. = 143*’.
The hyd^ra s id e s  a re  t  he r e f  o r e s id e n t  i  ceil #
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